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This  final  technical  report  has  been  prepared  as  required  by  item  A002 
of  Exhibit  A (Contract  Data  Requirements  List,  Item  0002)  of  Contract  Number 
F19628-74-C-0200,  under  which  Sperry  Gyroscope  Division,  Sperry  Rand  Corporation, 
Great  Neck,  New  York,  is  conducting  a study  of  multiple  tower  transmitting  antennas 
for  Loran  D. 

The  multiple  tower  antenna  study  and  test  program  was  performed  to  investi- 
gate the  feasibility  of  utilizing  multi-tower  arrays  for  Loran  C and  D antennas.  The 
use  of  arrays  is  deemed  advantageous  since  increased  power,  decreased  physical 
vulnerability  and  decreased  antenna  voltages  can  be  realized. 

The  test  of  this  program  was  performed  with  antenna  models  utilizing  a size 
reduction  factor  of  100.  An  open  field  adjacent  to  the  Sperry  plant  was  utilized  as  the 
test  site.  The  tests  were  performed  from  October  1974  through  May  1975. 

Measured  test  data  has  been  reduced  to  meaningful  antenna  parameters 
yielding  antenna  and  interface  information,  practical  for  the  selection  of  a suitable 
antenna  array. 
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SECTION  I 


INTRODUCTION 


1.  PRESENT  ANTENNAS 

The  typical  low-frequency  Loran  D antenna  employed  has  been  the  top  loaded 
monopole  consisting  of  a guyed  tower  supported  on  an  insulating  base.  A capacitive 
top  loading  umbrella  is  utilized  to  increase  bandwidth  and  radiation  efficiency.  For 
tactical  reasons  the  antenna  is  constructed  of  light  weight  metallic  sections  guyed  with 
non-metallic  cabling.  Top  loading  elements  consist  of  0.  312 -inch  diameter  plastic 
cables  covered  with  metallic  braiding  and  extending  300  to  400  feet  toward  the 
ground. 

The  new  AN/TRN-39  Loran  D Transmitter  will  utilize  such  an  antenna,  i.e. 
a 400-foot  tower  with  12  top  loading  elements.  The  single  tower  antenna  is  shown  in 
figure  1. 

2.  OBJECTIVE  OF  PROGRAM 

The  multiple  tower  transmitting  antenna  study  and  model  test  program  has  as 
its  objective  the  study  and  the  testing  of  the  effects  of  combining  2 or  4 monopole  antennas 
of  the  types  presently  in  use. 

The  expected  advantages  of  multi-tower  operations  are: 

• Increased  radiated  power  from  a given  transmitter. 

• Lower  antenna  height  for  the  same  radiated  power. 

• Decreased  physical  vulnerability  through  redundancy. 
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• Increased  reliability  by  permitting  partial  shutdown  without  causing 
loss  of  on-air  time. 

• Decreased  antenna  voltage  to  increase  reliability  and  permit  higher 
power  operation. 

• Provide  a tactical  replacement  for  larger  permanently  installed  antennas 
such  as  the  USCG  625-foot  Loran  C antenna. 

• Modular  procurement  of  antenna  arrays. 

• Simultaneous  erection  of  all  towers  to  reduce  total  erection  time. 

The  proposed  2 or  4-tower  array  consists  of  standard  single  antenna  towers 
in  which  the  metallic  portion  of  one  top-loading  element  has  been  extended  to  a point 
near  the  ground.  The  towers  are  so  arranged  that  the  top  loading  extensions  meet  at  a 
central  point  which  is  the  input  to  the  antenna  array. 

The  proposed  4-tower  arrangement,  shown  in  figure  2,  is  attractive  because  it 
fits  into  the  area  occupied  by  a standard  USCG  625-foot  antenna.  Also,  the  600-foot 
distance  specified  for  separation  of  transmitter  and  antenna  for  the  AN/TRN-39  will 
permit  placing  the  transmitter  equipment  in  one  of  the  cusps  between  top  loading  guy 
circles.  The  12  top  loading  elements  are  interleaved  so  that  no  guy  is  shielding  another 
guy.  The  lower  level  support  guying  (not  shown)  will  also  be  interleaved  and  arranged 
to  be  mechanically  separate. 

Either  of  the  diagonal  pairs  of  towers  can  be  used  by  itself,  permitting  erection 
of  only  two  towers  or  the  shutdown  of  two  out  of  four  for  maintenenace  purposes. 

In  the  proposed  arrays,  each  tower  is  mechanically  and  electrically  independent. 
Specifically,  the  array  under  study  was  one  which  avoids  networks  of  wire  between  towers 
either  overhead  or  on  the  ground. 

The  proposed  antenna  configurations  were  to  be  tested  with  the  use  of  well  known 
scale  model  techniques.  These  techniques  require  construction  of  antenna  models, 
reduced  in  size  by  100/1  from  the  actual  antennas.  All  the  pertinent  electrical  tests 
are  to  be  conducted  with  these  models,  and  the  resultant  data  evaluated.  The  results 
are  then  scaled  up  to  reflect  actual  full  size  antenna  parameters. 
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3.  PROGRAM  PLAN 


The  multiple  tower  transmitting  antenna  study  and  model  test  program  was 
directed  into  four  phases: 

• Generation  of  a test  plan,  fabrication  of  the  required  model  antennas 
and  the  selection  of  a test  site. 

• Model  testing  of  existing  single  towers  and  multitower  arrays. 

Optimization  of  various  multitower  arrays  and  connections. 

• Analysis,  data  reduction  and  data  evaluation. 

• Preparation  of  a final  technical  report  with  conclusions  and  recommendations. 
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SECTION  II 


PRE-TEST  PHASE 


1.  MODEL  STUDIES 

Model  testing  to  determine  the  electrical  characteristics  of  large  tower 
antennas  is  considered  the  most  desirable  approach  for  antenna  analysis.  It  is  pre- 
ferred to  mathematical  analysis  which  is  complex,  and  to  full  size  antenna  construction 
which  is  costly.  It  also  permits  a flexible  approach  permitting  modifications  to  be 
easily  accomplished.  In  addition,  model  measurements  allow  the  performance  of  field 
strength  measurements  in  a compact  small  area  of  uniform  ground  conductivity  rela- 
tively close  to  the  location  of  the  model  antenna.  The  latter  of  course  simplifies  cir- 
cular pattern  measurements. 

The  scale  factor  selected  for  the  program  is  100  to  1,  requiring  the  scaling 
up  of  the  model  test  frequency  from  100  kHz  to  10  MHz.  To  be  able  to  analyze  even  the 
largest  of  the  models  as  a "short  vertical  radiator"  the  model  must  be  smaller  than 
1/8  the  wavelength  employed  (x/8)*.  Since  the  tallest  antenna  employed  is  6-1/4  feet 
and  the  wavelength  is  98.  4 feet,  the  "short  antenna"  requirement  has  been  met.  The 
relations  between  actual  size  and  model  parameters  have  been  tabulated  in  table  1. 

2.  MODEL  CONSTRUCTION  TECHNIQUES 

During  the  pre-test  phase,  Sperry  constructed  six  (6)  antenna  models,  four 
representing  the  400-foot  tower  to  be  utilized  with  the  AN/TRN-39  transmitter  and  one 
each  representing  the  USCG  625-foot  tower  and  the  300 -foot  AN/TRN-21  antenna. 


*See  reference  1,  pages  5 and  9. 
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At  a later  stage  of  the  program,  the  program  scope  was  enlarged  and  four 
additional  models  representing  150-foot  towers  were  fabricated.  The  construction  of 
each  model  is  illustrated  in  figure  3 and  by  the  photographs  in  figures  4 and  5.  With 
exception  of  the  top  loading  and  guying  element  all  dimensions  have  been  scaled  100  to  1 
from  the  real  antenna  dimensions. 

A two-foot  circular  plexiglass  base  forms  the  support  of  the  structure.  Central 
to  this  base  is  a 3/8-inch  diameter  brass  rod  representing  the  tower.  Its  lower  end  is 
terminated  by  a BNC  connector  recessed  into  the  plexiglass  base,  such  that  connection 
to  the  rod  is  convenient.  The  upper  end  of  the  rod  is  hollow,  as  shown  by  figure  6,  and 
accommodates  either  the  plastic  or  the  brass  bushing  shown.  The  radials  or  top  loading 
elements  shown  in  figure  7 are  soldered  to  the  radial  junction  plug.  When  assembled, 
the  bushing,  either  plastic  or  brass,  fits  into  the  rod  and  the  plug  holding  the  radials 
fits  into  the  bushing.  The  tension  of  the  radials  guarantees  a tight  fit.  The  top  loading 
elements  (radials)  are  AWG  30  beryllium  copper  wires  which  terminate  in  fishing 
swivels.  Nylon  fishing  line  ties  the  swivels  to  legs  which  are  attached  to  the  circular 
base  at  the  required  angular  spacings.  Attachment  of  the  legs  to  the  base  is  by  hinges 
to  permit  the  folding  of  the  legs  for  easy  transportability. 

Scaling  of  the  top  loading  elements  or  radials  in  a 100  to  1 ratio  requires 
0.00375  diameter  wires  (AWG  38),  deemed  too  fragile  for  outdoor  model  studies.  AWG 
30  (.010  diameter)  wires  were  therefore  used  for  all  models,  except  for  two  tests  which 
employed  smaller  wires. 

3.  SITE  SELECTION 

To  achieve  consistent  and  meaningful  results  the  site  selected  for  antenna 
measurement  must  meet  these  requirements: 

• The  field  must  be  large  enough  such  that  omnidirectional  measurements 
can  be  taken  several  wavelengths  away  from  the  antenna  location. 

• The  area  must  be  void  of  buildings,  trees,  bushes  or  other  structures 
which  could  cause  signal  bounce  or  reflections. 

• A good  ground  plane  must  be  provided. 
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Sperry  selected  an  area  approximately  300  by  400  feet,  the  former  site  of  an  extension 
building  which  had  been  demolished  in  1972.  The  location,  designated  the  east  field, 
is  adjacent  to  the  engineering  offices  and  meets  all  the  criteria  listed  above.  A map 
of  the  field  is  given  in  figure  8. 

To  ascertain  that  the  site  was  electrically  "quiet",  field  intensity  measurements 
were  made  at  various  locations.  These  indicated  interferences  at  least  30  dB  below 
the  expected  model  field  intensity  levels. 


TABLE  1.  SCALE  FACTORS 


Parameter 
Linear  Dimensions 
Frequency 
Wavelength 
Capacitance 
Inductance 
Reactance 

Radiation  Resistance 
Input  Resistance 
Intrinsic  Bandwidth 


Actual  Antenna 
1 
f 
X 
C 
L 
X 
R 

r 

R. 

i 

Af 


Model  Antenna 
1/100 
lOOf 
X/100 
C/100 
L/100 
X 
R 

r 

Indeterminate 

lOOAf 
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SECTION  III 


TEST  PHASE 


1.  PURPOSE 

"Short”  vertical  radiators  of  the  type  being  investigated  exhibit  electrical 
properties  described  by  the  equivalent  series  RLC  circuit  shown  below. 


The  circuit  is  shown  driven  from  current  generator  Ia  via  a tuning  inductor  L/p,  the 
latter  augmenting  La  in  establishing  a resonant  condition  at  the  operating  frequency. 
Each  antenna  configuration  is  fully  characterized  by  parameters  La,  Ca,  Rr,  Rl* 

Two  types  of  tests  are  necessary  to  measure  these  quantities:  an  input  impedance 
measurement  to  derive  La,  Ca  and  (Rr  + Rl),  and  field  strength  measurements  to 
yield  the  quantity  Rr.  Accordingly,  the  test  phase  consisted  of  making  these  measure- 
ments on  every  configuration  and  variation  thereof  showing  promise. 

2.  TEST  SET-UP  AND  PROCEDURES 

a.  Impedance  Measurements 

Impedance  measurements  were  performed  by  situating  the  antenna  models  on 
top  of  a wooden  table.  The  table  top  or  platform,  16  x 16  feet,  was  surfaced  with 
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1 16-inch  aluminum  sheets  joined  to  form  an  integral  metallic  ground  plane  (figure  9). 

The  impedance  measuring  test  equipment  was  located  under  the  table  to  shield  the 
antenna  from  test  equipment  radiation  and  to  permit  close  proximity  of  the  RF  bridge 
employed  in  the  measurement  to  the  antenna  input  terminal  (see  figure  10).  The  set  up 
utilized  for  impedance  measurements  is  illustrated  in  block  form  in  figure  11.  A General 
Radio  Impedance  Bridge  Type  916A  was  connected  to  the  antenna  input,  physcially  located 
above  it,  via  a hole  in  the  table.  Bridge  Oscillator  GR  1330  provided  the  measuring 
signal  whereas  Field  Intensity  Meter  NF105  was  the  nulled  signal  detector.  Frequency 
measurement  was  performed  with  Hewlett-Packard  Counter  HP  5245L. 

During  the  earlier  stages  of  the  test  phase  a Hallicrafter  receiver  with  loud- 
speaker was  utilized  as  the  null  detector.  It  was  discovered  that  the  field  meter,  being 
an  extremely  sensitive  frequency  selective  voltmeter,  provided  superior  visual  null 
indication.  Consequently,  the  NF105  was  substituted  for  the  radio  receiver. 

The  General  Radio  Type  916 -A  Radio  Frequency  Bridge  is  a nulling  device 
utilizing  a series  substitution  method.  A measurement  was  made  by  first  balancing  the 
bridge  with  the  ’’unknown”  terminal  short  circuited,  then  rebalancing  with  the  short 
circuit  removed  and  the  antenna  connected  to  the  "unknown”  terminal.  The  unknown 
reactance  and  resistance  are  then  equal  to  the  change  in  reactance  or  resistance  dial 
readings.  The  reactance  dial  reading  was  divided  by  the  frequency  in  MHz,  while  the 
resistance  reading  was  directly  read  from  its  dial.  Accuracy  for  reactance  is  speci- 
fied as  ±(2%  + 1 ohm  + 0.0008  x R x f ) where  R is  the  measured  resistance  in  ohms  and 
f is  the  frequency  in  MHz. 

To  minimize  errors,  the  unknown  terminal  must  be  as  close  as  possible  to  the 
antenna  input,  and  the  position  with  respect  to  ground  of  the  short  connecting  wire 
between  bridge  and  antenna  must  not  change  between  the  two  nulling  operations.  Input 
impedance  was  measured  as  a function  of  frequency  for  all  the  important  antenna  con- 
figurations. It  will  be  shown  later  that  the  slope  and  input  reactance  at  10  MHz  are  the 
important  parameters  required  to  determine  the  antenna  capacity  and  inductance.  Mini- 
mum and  maximum  readings  are  required  to  determine  series  and  parallel  self  resonance. 
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b.  Field  Strength  Measurements 

The  radiation  efficiency  expressed  by  radiation  resistance  Rr  is  determined  by 
injecting  a known  quantity  of  10  MHz  r-f  current  into  the  antenna  configuration  and 
measuring  at  some  distance  the  amount  of  radiated  field  present.  Figure  12  illustrates 
the  set-up  of  the  test  equipment  to  perform  field  strength  measurements.  The  antenna 
model  is  situated  near  the  center  of  the  test  site  on  the  ground.  It  is  driven  from  a 
Type  230- A Boonton  Amplifier  situated  125  feet  away  via  a coaxial  line.  Input  to  the 
amplifier  is  from  GR  Bridge  Oscillator  1330A.  Constant  frequency  is  monitored  with 
Frequency  Counter  HP  5245L. 

Antenna  current  is  measured  with  a Model  110  Pearson  Wide-Band  Current 
Transformer  by  passing  the  antenna  input  wire  through  the  current  transformer  and 
observing  the  secondary  voltage  generated  (proportional  to  the  antenna  current)  with  a 
True  Rms  Voltmeter  Ballantine  Model  323  located  110  feet  from  the  antenna.  The 
current  transformer  is  further  described  in  Appendix  I. 

Located  at  a measured  distance  from  the  transmitting  antenna  model  is  Field 
Intensity  Meter  Model  NF105  with  its  loop  antenna  LP-105.  When  rotated  in  line  with 
the  transmitting  antenna,  the  loop  picks  up  the  transmitted  signal,  which  is  conducted 
to  the  main  frame  via  a 30-foot  coaxial  cable.  The  electronics  in  the  main  frame  of  the 
field  intensity  meter  amplify  and  measure  the  received  signal.  To  this  measurement 
are  added  the  loop  antenna  and  cable  loss  factors.  The  resultant  number  is  the  field 
strength  at  the  loop  antenna  location.  Calibration  curves  for  the  devices  are  given  in 
Appendix  II. 

Field  Intensity  Meter  NF105  is  self  calibrating,  inasmuch  as  it  contains  a 
known  reference  voltage  used  to  adjust  the  gain  prior  to  each  field  intensity  measurement. 

Computation  of  radiation  resistance  requires  the  measurement  of  antenna 
current,  field  strength  and  distance  from  transmitting  to  loop  antenna.  Determination 
of  the  radiation  pattern  requires  these  measurements  to  be  made  at  a constant  distance 
and  constant  current,  but  from  a different  direction.  Measurements  from  eight  directions 
(every  45°)  were  generally  made  to  establish  the  radiation  pattern.  Performance  of  the 
field  strength  measurements  required  authorization  from  the  FCC  to  radiate  at  10  MHz 
and  at  specified  harmonics.  This  authorization  was  duly  received  and  is  included  in 
this  report  as  Appendix  VI. 
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3.  CONFIGURATIONS 


Impedance  and  radiation  measurements  were  made  for  the  various  antenna 
configurations  tabulated  in  table  2.  Initially  the  standard  tower  configuration  for  the 
3-,  4-  and  6.  25-foot  antennas  were  measured  and  the  results  compared  with  the  known 
full  scale  parameters,  table  3.  When  this  comparison  proved  correct,  the  results  were 
used  as  a base  line  and  confidence  factor  to  proceed  with  the  multiple  tower  configurations. 
All  multi-array  configurations  in  table  2,  with  the  exception  of  24,  29,  30,  31  and  32  are 
arranged  as  in  figure  2.  In  configuration  24,  each  antenna  was  moved  toward  the  center 
or  feed  point;  in  configurations  29,  30,  31  and  32,  each  antenna  was  moved  away  from  the 
center  feed  point. 
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TABLE  2.  ANTENNA  CONFIGURATIONS 
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TABLE  2.  ANTENNA  CONFIGURATIONS  (cont.) 
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aLog  1-2  means  log  1,  page  2 (Appendix  VII). 
^insulated 
c conducting 


TABLE  3.  ANTENNA  PARAMETERS  FROM  FIELD  DATA 


(FULL  SCALE  VALUES) 


Configuration 
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300-Foot  Loran-D 
Antenna 
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4.1 
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Antenna 

207 
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5,  600 
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SECTION  IV 


ANALYSIS  AND  DATA  REDUCTION 


1.  DETERMINATION  OF  ANTENNA  REACTANCES  FROM 
IMPEDANCE  MEASUREMENTS 

Antenna  reactances , and  therefore  capacitance  and  inductance  for  each  configuration, 
have  been  computed  from  input  impedance  bridge  measurements.  With  the  assumption  of 
a series  RLC  circuit  the  capacitive  reactance  is  (see  Appendix  III): 


The  inductive  reactance  is: 


where 


dXj 

df 


o 

xc 


XL  =Xo'XC 
a a 

= input  reactance  slope  of  the  antenna,  ohms/Hertz,  at  10  MHz 
= input  reactance  of  the  antenna,  j ohms  at  10  MHz 
= antenna  capacitive  reactance,  j ohms  at  10  MHz 
= antenna  inductance  reactance,  j ohms  at  10  MHz 
= 10  MHz 


(1) 

(2) 
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Antenna  capacitance  and  inductance  are  then  calculated  from  the  standard  formulas: 


C 


1 

a ~ 2tt  fXp 
'-a 


(3) 


and 


L = 
a 


2vf 


(4) 


The  input  impedance  measurement  results  are  listed  in  table  4 for  all  the  con- 
figuration of  interest.  The  input  reactance  for  a number  of  these  has  been  plotted  in 
figures  13  through  22.  The  antenna  capacitance  and  inductance  calculated  from  the  data 
have  been  tabulated  in  table  5. 

2.  RADIATION  RESISTANCE  FROM  FIELD  STRENGTH  MEASUREMENTS 


Radiation  resistance  has  been  computed  utilizing  the  formula  for  radiated  power 
at  a point  d miles  from  the  radiating  source: 


p 

kW 


2 

(see  Appendix  VI) 


(5) 


where  E is  in  millivolts/meter 
d is  in  miles 

is  radiated  power  in  kilowatts 

186.4  = conversion  factor  (see  Appendix  VI) 
2 

Since  Power  P = I R watts 
a r 

where 


R = radiation  resistance  in  ohms 
r 

I = Antenna  input  current,  in  amperes 

3. 

it  follows  that 


and 


(6) 


(7) 

(8) 
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TABLE  4.  ANTENNA  IMPEDANCE  MEASUREMENTS  SUMMARY 
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TABLE  4.  ANTENNA  IMPEDANCE  MEASUREMENTS  SUMMARY  (cont) 
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TABLE  5.  CALCULATED  ANTENNA  MODEL  PARAMETERS 
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Formula  (8)  is  applied  for  each  field  intensity  measurement  by  substituting 

in  it: 

• The  measured  distance  in  miles  between  the  model  antenna  and 
field  intensity  meter 

• The  field  meter  reading  modified  by  the  meter  and  loop  correction 
factors.  The  loop  correction  factor  including  cable  loss  is  42  dB 

at  10  MHz.  The  field  intensity  in  dB  above  one  microvolt  per  meter 
is  converted  to  millivolts  per  meter. 

• The  current  transformer  output  voltage  divided  by  the  factor  47  mV 
per  ampere  which  yields  the  antenna  current  in  amperes.  The  factor 
47  mV/amperes  includes  a cable  loss  of  1.5  dB. 

For  the  significant  antenna  configurations,  measurements  were  made  at  varying 
distances  d to  establish  that  operation  actually  was  taking  place  in  the  far  field.  Circular 
measurements  were  then  made  at  constant  radius  d,  with  a constant  antenna  current 
(±5%)  and  at  eight  different  azimuths.  These  measurements  in  terms  of  field  strength 
(dB  above  one  microvolt  per  meter)  are  given  in  figures  23  through  32  and  indicate  the 
omnidirectional  reception  pattern  which  can  be  expected. 

Field  strength  and  computed  radiation  resistance  for  each  direction  are  listed 
in  table  6.  To  arrive  at  the  final  radiation  resistance  for  each  configuration,  the 
individual  resistance  values  were  averaged  and  are  listed  in  table  5. 

3.  INTRINSIC  BANDWIDTH  FOR  VARIOUS  CONFIGURATIONS 


For  Loran  pulse  systems  the  intrinsic  bandwidth  Af  is  the  important  antenna 
criterion,  for  it  determines  the  ability  of  the  antenna  to  radiate  maximum  sampling  point 
power,  and  it  is  to  be  maximized.  The  intrinsic  bandwidth  is  derived  from  single 
series  tuned  circuit  theory  in  Appendix  V: 


Af 


2 R 

r 

“ dX. 

l 

df(f0) 


2 IT  f 2R  c 
o r a 


Values  for  Af  have  been  calculated  from  the  capacitance  and  resistance  for 
each  important  configuration  and  appear  in  table  5. 
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TABLE  6.  FIELD  INTENSITY  MEASUREMENTS  SUMMARY 


Field 


Antenna 

Configuration 

Azimuth 

(degrees) 

Input 

Current 

(amps) 

Distance 

(ft) 

Intensity  E 
(dB  above 
1 nV/meter) 

Field 

Intensity  E 
((j-V/meter) 

Radiation 

Resistance 

(ohms) 

1 

90 

0. 146 

200 

82.5 

13.34 

0.35 

135 

0.146 

200 

81.8 

12.3 

0.29 

2 

45 

0.046 

205 

80.8 

11.0 

2.48 

3 

0 

0.238 

200 

90.2 

32.36 

0.76 

45 

0.236 

200 

92 

39.81 

1.17 

90 

0.236 

200 

91.4 

37.15 

1.02 

135 

0„236 

200 

90.5 

33.50 

0.83 

180 

0.229 

200 

89.9 

31.26 

0.76 

225 

0.229 

200 

91.2 

36.31 

1.03 

270 

0.240 

200 

90.6 

33.88 

0.82 

315 

0.240 

200 

91.7 

38.46 

1.06 

4 

45 

0.270 

208 

88.0 

25.12 

0.38 

5 

0 

0.226 

200 

89.5 

29.85 

0.72 

45 

0.227 

200 

89.2 

28.84 

0.66 

90 

0.226 

200 

88.9 

27.86 

0.63 

135 

0.226 

200 

88.1 

25.41 

0.52 

8 

45 

0.172 

208 

83.5 

15.2 

0.35 

10 

0 

0.229 

200 

89.5 

29.85 

0.69 

45 

0.229 

200 

90.2 

32.36 

0.82 

90 

0.232 

200 

90.0 

31.62 

0.77 

135 

0.234 

200 

89.4 

29.52 

0.66 

135 

0.234 

200 

89.6 

30.20 

0.69 

135 

0.234 

150 

91.9 

39.35 

0.66 

135 

0.234 

250 

87.7 

24.27 

0.69 

11 

45 

0.240 

200 

91.1 

35.89 

0.92 

90 

0.240 

200 

91.0 

35.48 

0.90 

135 

0.242 

200 

90.5 

33.50 

0.79 

12 

45 

0.234 

200 

91.4 

37.15 

1.04 

90 

0.234 

200 

91.4 

37. 15 

1.04 

135 

0.234 

200 

90.8 

34.67 

0.91 

135 

0.234 

250 

89.0 

28.18 

0.94 

13 

0 

0.242 

200 

88.3 

26.01 

0.48 

45 

0.238 

200 

88.5 

26.61 

0.51 

90 

0.240 

200 

88.6 

26.92 

0.  50 

135 

0.236 

200 

88.9 

27.86 

0.  57 

180 

0.244 

200 

88.8 

27.54 

0.52 

225 

0.244 

200 

89.8 

30.90 

0.66 

270 

0.240 

200 

87.9 

24.83 

0.45 

315 

0.244 

200 

89.2 

28.84 

0.  57 
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TABLE  6.  FIELD  INTENSITY  MEASUREMENTS  SUMMARY  (cont.) 


Antenna 

Configuration 


14 


15 


18 


21 


22 


Input 

Azimuth  Current 
(degrees)  (amps) 


0 

0.238 

45 

0.244 

90 

0.242 

135 

0.242 

180 

0.238 

225 

0.238 

270 

0.238 

315 

0.238 

0 

0.232 

45 

0.232 

90 

0.234 

135 

0.234 

180 

0.229 

225 

0.229 

270 

0.232 

315 

0.232 

0 

0.232 

45 

0.234 

90 

0.234 

135 

0.229 

180 

0.229 

225 

0.229 

270 

0.229 

315 

0.227 

0 

0.232 

45 

0.240 

90 

0.232 

135 

0.232 

180 

0.232 

225 

0.232 

270 

0.232 

315 

0.232 

0 

0.242 

45 

0.244 

90 

0.244 

90 

0.244 

90 

0.244 

135 

0.244 

180 

0.244 

225 

0.244 

270 

0.246 

315 

0.242 

listance 

(ft) 

Field 

Intensity  E 
(dB  above 
1 gV/meter) 

200 

90.0 

200 

90.4 

200 

90.2 

200 

89.2 

200 

90.2 

200 

90.7 

200 

90.2 

200 

90.9 

200 

89.7 

200 

91.0 

200 

90.9 

200 

89.7 

200 

90.6 

200 

90.8 

200 

90.2 

200 

91.4 

200 

88.8 

200 

88.0 

200 

88.1 

200 

87.9 

200 

87.3 

200 

88.8 

200 

86.9 

200 

90.0 

200 

87.6 

200 

87.4 

200 

87.3 

200 

86.7 

200 

87.0 

200 

87.6 

200 

86.7 

200 

88. 1 

200 

89.0 

200 

89.4 

150 

90.9 

200 

89.0 

250 

88.1 

200 

88.8 

200 

88.9 

200 

89.2 

200 

88.6 

200 

90.5 

Field 
tensity  E 
V/meter) 

Radiation 

Resistance 

(ohms) 

31.62 

0.73 

33.11 

0.76 

32.36 

0.73 

28.84 

0.58 

32.36 

0.76 

34.28 

0.85 

32.36 

0.76 

35.08 

0.89 

30.55 

0.71 

35.48 

0.96 

35.09 

0.93 

30.55 

0.70 

33.88 

0.89 

34.67 

0.94 

31.99 

0.78 

37.15 

1.05 

27.  54 

0.58 

25.12 

0.48 

25.41 

0.49 

24.83 

0.48 

23.17 

0.42 

27.54 

0.59 

22. 14 

0.38 

31.62 

0.80 

23.99 

0.44 

23.44 

0.39 

23. 17 

0.41 

21„  63 

0.36 

22.39 

0.38 

23.99 

0.44 

21.63 

0.36 

25.41 

0.50 

28.18 

0.56 

29.  51 

0.60 

35.08 

0.48 

28.18 

0.55 

25.41 

0.69 

27.54 

0.52 

27.86 

0.54 

28.84 

0.57 

26.92 

0.49 

33.50 

0.78 
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TABLE  6.  FIELD  INTENSITY  MEASUREMENTS  SUMMARY  (cont.) 


Antenna 

Configuration 

Azimuth 

(degrees) 

Input 

Current 

(amps) 

Distance 

(ft) 

Field 

Intensity  E 
(dB  above 
1 p-V  /meter) 

Field 

Intensity  E 
(nV/meter) 

Radiation 

Resistanct 

(ohms) 

23 

0 

0.240 

200 

89.7 

30.55 

0.67 

45 

0.240 

200 

90.0 

31.62 

0.71 

90 

0.240 

200 

90. 1 

31.94 

0.73 

135 

0.240 

200 

89.2 

28.84 

0.59 

135 

0.244 

200 

89.6 

30.20 

0.65 

135 

0.244 

250 

87.5 

23.75 

0.61 

135 

0.244 

300 

85.7 

19.28 

0.57 

180 

0.244 

200 

89.8 

30.90 

0.66 

225 

0.240 

200 

90.9 

35.08 

0.88 

270 

0.240 

200 

88.3 

26.01 

0.48 

315 

0.240 

200 

90.8 

34.67 

0.86 

24 

135 

0.244 

200 

89.0 

28. 18 

0.54 

26 

0 

0.244 

200 

87.0 

22.39 

0.35 

45 

0.244 

200 

87.0 

22.39 

0.35 

90 

0.244 

200 

87.2 

22.91 

0.36 

135 

0.244 

200 

85.2 

18.20 

0.23 

180 

0.244 

200 

85.0 

17.78 

0.22 

29 

0 

0.234 

200 

90.1 

31.99 

0.77 

45 

0.234 

200 

90.6 

33.88 

0.87 

90 

0.234 

200 

90.1 

31.99 

0.77 

135 

0.234 

200 

89.6 

30.20 

0.69 

157.5 

0.234 

200 

90.3 

32.73 

0.81 

180 

0.234 

200 

91.0 

35.48 

0.75 

225 

0.234 

200 

91.2 

36.31 

0.99 

270 

0.234 

200 

89.8 

30.90 

0.72 

315 

0.234 

200 

91.0 

35.48 

0.95 

31 

0 

0.238 

200 

81.5 

11.89 

0. 103 

45 

0.238 

200 

81.2 

11.48 

0.096 

90 

0.238 

200 

80.5 

10.59 

0.082 

135 

0.238 

200 

80.6 

10.72 

0.084 

180 

0.238 

200 

80.2 

10.23 

0.076 

225 

0.238 

200 

81.4 

11.75 

0.100 

270 

0.238 

200 

81.6 

12.02 

0.105 

315 

0.238 

200 

82.1 

12.74 

0.118 

32 

0 

0.238 

200 

81.3 

11.22 

0.092 

45 

0.238 

200 

80.3 

10.35 

0.078 

90 

0.238 

200 

80. 1 

10. 12 

0.074 

135 

0.238 

200 

79.5 

9.44 

0.065 

180 

0.238 

200 

80.0 

10.00 

0.073 

225 

0.238 

200 

81.7 

12.16 

0. 108 

270 

0.238 

200 

81.3 

11.62 

0.098 

315 

0.238 

200 

81.8 

12.3 

0.110 
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4.  RESONANT  FREQUENCIES 


Each  antenna  configuration  exhibits  two  resonant  frequencies,  series  and 
parallel.  The  significant  one  of  these  is  the  series  resonant  frequency,  f , which 
is  obtained  from  antenna  input  reactance  bridge  measurements.  At  f , XLa  = ^Ca> 
thus  the  input  reactance  is  zero.  It  is  important  that  the  antenna  model  resonate 
above  10  MHz  (100  kHz  full  scale),  otherwise  the  antenna  must  be  driven  via  a capaci- 
tive element.  Driving  the  antenna  in  this  manner  causes  transmitter  energy  transfer 
not  only  to  the  antenna,  but  also  to  the  capacitive  drive  element  in  which,  in  effect, 
it  is  wasted.  Consequently,  for  a given  capacitance  the  inductance  must  be  held  to  a 
level  at  which  resonance  occurs  above  10  MHz.  Preliminary  measurements  and  prior 
studies  (reference  3)  indicated  that  the  inductance  of  the  top  hat  is  negligible  and  that 
the  inductive  term  of  the  input  impedance  is  due  entirely  to  inductance  of  the  conductor 
from  the  feed  point  to  the  junction  of  all  top  loading  elements.  Because  it  was  not 
practical  to  correctly  scale  the  slant  feed  wires  for  all  configurations,  a single  slant- 
fed  tower  with  AWG  41  wire  (0.0025M  diameter)  was  measured  and  the  series  resonant 
frequency  obtained  was  used  to  study  the  inductance  effect  for  the  more  complex  con- 
figurations. The  actual  measured  series  resonant  frequencies  as  read  from  the  re- 
actance graphs  in  figures  13  through  22  are  presented  in  table  5 for  all  the  configurations 
of  interest.  The  resonant  frequencies  measured  and  listed  in  table  5 have  only  been 
used  for  interpretation  and  guidance,  whereas  the  actual  resonant  frequency  will  be 
based  on  a calculation  of  the  actual  slant-feed  cable  employed  with  the  full  size  antenna. 

Attempts  were  made  to  establish  the  parallel  resonant  frequencies  of  the 
antenna  models,  but  these  fell  outside  the  direct  reading  range  of  the  impedance  bridge. 
The  range  of  the  bridge  was  then  extended  by  means  of  an  auxiliary  capacitor  to  readings 
up  to  30  MHz.  At  23  MHz  the  integrity  of  the  test  set-up  started  to  deteriorate  as  evi- 
denced by  poor  nulls.  Readings  were,  therefore,  only  taken  up  to  23  MHz,  in  order 
to  devote  more  attention  to  the  primary  objectives  of  the  program. 

5.  HARMONIC  RADIATION  EFFICIENCY 

Harmonic  frequency  testing  was  limited  to  radiation  measurements  at  the 
second  and  third  harmonics  of  the  10  MHz  model  frequency.  Beyond  these  frequencies, 
the  one-eighth  wavelength  (\/8)  of  the  excitation  frequencies  begins  to  exceed  the 
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antenna  dimension,  complicating  the  analysis  in  terms  of  radiation  resistance.  Har- 
monic radiation  resistance  is  calculated  in  the  same  manner  as  for  the  fundamental 
frequency,  described  in  section  IV  paragraph  2.  For  20  and  30  MHz,  the  loop  antenna 
factor  is  40  and  38  dB  respectively,  and  the  loop  antenna  cable  loss  equals  0.  6 and  0.  7 
dB  respectively.  Results  are  listed  in  table  7. 

6.  SHUT-DOWN,  SHOT-DOWN  MODES 

Two  modes  of  partial  down  times  are  expected  when  operating  with  a 4-tower 
array  - the  shut-down  mode  in  which  two  antennas  are  shut  down  for  maintenance,  and 
the  shot-down  mode  in  which  one  tower  has  been  shot  down  or  has  not  yet  been  erected. 
In  the  latter  case  the  third  opposing  antenna  is  expected  to  be  shut  down  to  preserve  the 
phase  center  of  radiation.  While  not  utilized  for  radiation,  the  inoperative  antenna 
nevertheless  is  in  the  induction  field  of  the  other  two  antennas.  To  determine  the 
voltage  and  currents  in  the  inoperative  tower,  the  situation  shown  in  figure  33  was  set 
up.  As  illustrated,  the  two  opposing  towers  east  and  west  were  transmitting,  while 
measurements  were  made  in  the  north  tower.  Voltage  measurements  were  made  at 
the  end  of  each  radial;  these  voltages,  designated  El  through  E9,  were  approximately 
equal  to  voltage  E , the  input  to  the  east  and  west  antennas.  Current  measurements 

cl 

were  made  of  radial  currents  II  through  14;  these  indicated  attenuated  currents  down 
37  to  38  dB  from  the  antenna  current  Ia  flowing  into  the  east  and  west  antennas. 


TABLE  7.  HARMONIC  RADIATION  EFFICIENCY 


Resistance 


Resistance 
3rd  Harmonic 
(Ohms) 


Config.  Height  No.  of  Radiation  2nd  Harmonic 

No.  (Ft.)  Towers  Fundamental  (Ohms) 


22 


4 


4 


0.58 


2.66 


12.94 


23 


4 


4 


0.  70 


3.60 


8.26 
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SECTION  V 


DISCUSSION  AND  CONCLUSIONS 


1.  GENERAL 

This  antenna  study  and  model  testing  program  has  as  its  objective  the  selection 
of  one  or  more  antenna  arrays  composed  of  two  or  more  standard  tower  antennas  to 
achieve  increased  radiation  and  power  transmission.  It  has  long  been  recognized  that 
antenna  design  and  comparison  for  the  Loran  pulse  system  must  not  only  consider  the 
efficiency  based  on  cw  or  steady  state  measurements;  dealing  with  a narrow  pulse  sys- 
tem, the  antenna  must  also  be  analyzed  on  a transient  basis  involving  its  bandwidth. 

The  analysis  of  "short"  antennas  for  Loran  based  on  simple  series  RLC  circuit  theory 
has  therefore  been  made  in  terms  of  bandwidth  and  efficiency.  These  will  be  briefly 
reviewed  here. 

The  antenna  will  be  represented  by  its  equivalent  series  circuit  shown  below: 


2.  INTRINSIC  BANDWIDTH 

For  the  equivalent  antenna  circuit  shown  above,  the  bandwidth  is: 

Op  p 

Af  = =2tt{  C R (references  2,  5 (9) 

0 a and  appendix  V) 

f df(f  ) 
o o 


31 


and  the  radiation  efficiency  of  the  antenna  is  defined  as: 

Rr 

A Rj*  + Rl 


(10) 


where 

Rr  = radiation  resistance 

Rj^  = total  heat  loss  resistance  of  antenna  system 

If  R in  equation  (9)  is  defined  as  the  radiation  resistance  Rr  then  Af  equals 
the  intrinsic  or  100%  efficiency  bandwidth: 

Af  = 2 7Tf  o2  CaRr  (11) 


The  bandwidth-efficiency  product  however  is  defined  as: 

f = tja  Af  = r,A  2 7r  f o2  ca  Rr  (12) 

Equation  (12)  has  generally  been  employed  to  analyze  the  entire  antenna 
system  including  the  ground  plane  and  transmitter  interface,  since  the  heat  loss  resis- 
tance is  composed  of  ground  plane  resistance,  transmitter  coupler  loss  resistance  and 
antenna  loss  resistance.  In  the  program  performed  here,  these  losses  cannot  be 
directly  scaled  to  actual  full-size  antenna  values  for  various  reasons.  As  previously 
noted,  the  top  loading  and  radial  feed  wires  are  not  scaled  correctly,  nor  was  it 
practical  to  duplicate  the  actual  transmitter  tuning  coil.  The  ground  plane  resistance 
while  satisfactory,  may  not  be  a duplicate  of  the  actual  installation. 

In  view  of  the  foregoing,  antenna  arrays  will  be  analyzed  primarily  in  terms 
of  the  intrinisic  or  100%  efficiency  bandwidth  Af  and  will  be  discussed  separately. 

It  has  been  shown  (reference  4)  that  for  Loran,  the  sampling  point  power  is 
directly  proportional  to  the  efficiency  bandwidth  product  and  in  view  of  the  above  dis- 
cussion, to  the  intrinsic  bandwidth.  Computer  network  simulation  of  the  Sperry  SCR 
transmitter  indicates  that  for  a fixed  transmitter  configuration  and  variable  antenna 

coupling  arrangement,  the  available  reactive  energy  in  the  antenna  at  the  pulse  peak 

2 

or  sampling  point  (I  Xq  ) is  a constant.  Thus  if: 


32 
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I 2 = K 2 n-  f C 
a o a 

and  since  power  transmitted  is: 

P = I 2 R 
a r 


(14) 


then: 


P = K2  7T  f C R 
oar 


(15) 


It  is  thus  evident  that  maximizing  the  intrinsic  bandwidth  (or  the  antenna  capacitance 
and  radiation  resistance)  will  result  in  the  maximum  transmitted  power. 

The  objective  of  the  study  therefore  was  primarily  concerned  with  the  measure- 
ment and  optimization  of  C&  and  Rr.  These  quantities  as  well  as  the  intrinsic  band- 
width have  been  tabulated  in  table  5 and  can  now  be  studied. 


To  enable  a better  comparison  with  the  standard  4 -foot  tower  antenna  employed 
with  the  AN/TRN-39  (configuration  3)  all  values  of  Af  have  also  been  normalized  with 
respect  to  that  antenna. 

3.  OPTIMUM  CONFIGURATION 

Examination  of  the  normalized  values  of  A f clearly  indicates  the  superiority 
of  configurations  15  and  29  for  2-tower  and  4-tower  arrays,  respectively,  as  illustrated 
in  figures  34  and  35.  Both  these  configurations  employ  double  tower  insulation,  that 
is  the  tower  top  is  insulated  from  the  top  hat  and  from  the  ground  plane.  Both  these 
configurations  also  require  physical  separation  between  each  component  antenna  of  the 
array.  The  intrinsic  bandwidth  and  its  normalized  value  for  each  configuration  are 
represented  below: 


CONFIGURATION 

Af* 

Af  RELATIVE  TO 
STANDARD  ANTENNA 

2-antenna  array  (#15) 

57.9 

1.51 

4-antenna  array  (#29) 

126.6 

3.31 

^Divide  by  100  for  full  scale  antenna. 
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The  superiority  of  these  arrays  is  of  course  due  to  maximizing  C and  R . 

a r 

The  conditions  under  which  these  terms  have  been  found  optimum  are: 

• Radiation  resistance  increases  by  insulating  the  tower  structure  from 
both  top  hat  and  ground  base.  This  held  true  for  a single  slant-fed  antenna 
or  an  array  of  2 or  4 antennas.  It  is  believed  that  by  permitting  the  central 
tower  structure  to  be  an  integral  part  of  the  top  hat,  a downward  current  is 
allowed  to  flow  which  causes  partial  cancellation  of  the  current  injected 
into  the  upward  slanted-feed  radial. 

• Radition  resistance  increases  by  adequate  separation  of  the  component 
antennas.  It  was  found  that  the  arrangement  shown  in  figure  2,  which 
confined  the  four  antennas  into  the  guy  anchor  circle  of  the  USCG  6 25 -ft 
antenna,  prevented  the  most  efficient  radiation  of  each  component  antenna, 
inasmuch  as  it  did  not  allow  for  field  fringing  at  the  umbrella  ends  facing 
each  other.  Thus  the  4 -antenna  array  shown  in  figure  2 did  not  provide 
as  much  radiation  resistance  as  a single  antenna.  The  proximity  problem 
did  not  exist  in  the  2-antenna  array  where  two  diagonally  opposite  antennas 
were  used. 

• Antenna  capacitance  has  been  found  optimum  for  a grounded  tower  operation 
(configuration  4)  inasmuch  as  this  connection  extends  the  ground  plane  up 

to  the  tower  top.  This  connection  however  is  not  optimum  for  radiation 
resistance  as  discussed  above.  Insulating  the  tower  at  both  ends  (con- 
figuration 10)  exacts  a penalty  in  antenna  capacitance,  but  maximizes  Af. 
Therefore  the  insulated  tower  connection  is  recommended. 

• Separation  of  component  antennas  is  required  to  achieve  the  correct  addition 
of  individual  antenna  capacitances,  for  the  same  reason  as  noted  above  for 
the  optimization  of  radiation  resistance.  The  total  top  hat  or  umbrella 
area  including  allowance  for  field  fringing  for  the  array  must  equal  the 
umbrella  area  of  a single  antenna  multiplied  by  the  number  of  these 
employed  in  the  array.  For  the  2-antenna  array  which  employs  any  2 
diagonally  opposite  antennas  in  figure  2,  no  additional  separation  was 
required.  For  the  4-antenna  array  shown  in  figure  2,  an  additional  2-foot 
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separation  between  each  antenna  and  its  feed  point  was  required.  The 
total  diameter  of  this  array  is  consequently  increased  from  18  to  22  feet 
(1800  to  2200  feet  full  scale). 

In  the  recommended  configuration,  the  antenna  tower  structure  is  isolated 
from  ground  and  thus  vulnerable  to  static  charging.  To  prevent  this  buildup  of  charges 
a bleeder  resistance  on  the  order  of  1000  ohms  must  be  connected  across  the  base  of 
the  antenna. 

At  the  outset  of  the  project  it  was  expected  to  realize  twice  as  much  band- 
width for  a 2-antenna  array  and  four  times  as  much  for  a 4-antenna  array  compared 
to  a single  standard  400 -foot  full  scale  antenna.  These  multipliers  would  permit  an 
increase  in  radiated  power  of  2 and  4 times  respectively.  Analyzing  the  data  presented, 
it  is  concluded  that  an  approximate  shortfall  of  10%  each  in  radiation  resistance  and  in 
antenna  capacitance  have  caused  a 20%  bandwidth  or  power  reduction  in  the  models 
studied  to  this  point. 

4.  INPUT  REACTANCE 

Another  consideration  which  must  be  carefully  adhered  to  in  the  selection  of 
the  optimum  antenna  is  the  input  reactance.  For  efficient  energy  transfer,  the  reactive 
components  of  the  input  impedance  must  be  negative,  that  is  the  capacitive  term  must 
dominate.  In  the  customary  series  resonant  antenna  circuit,  there  is  optimum  power 
transfer  when  all  capactive  energy  is  utilized  in  charging  the  antenna  capacitance  and 
when  the  circuit  resonates  at  100  kHz.  This  series  resonance  is  effected  by  augmenting 
the  antenna  inductance  (La)  with  a driving  inductance  {hj)  in  the  transmitter.  A portion 
of  this  driving  inductance  is  made  variable  to  permit  fine  tuning  of  the  antenna,  allow- 
ing for  slight  variation  in  antennas  and  antenna  installation. 

When  remoting  the  transmitter,  the  driving  inductance  also  includes  the 
distributed  inductance  of  the  driving  coaxial  cable.  Sperry  utilizes  a special  cable 
for  the  AN/TRN-39  with  an  equivalent  45  microhenry  inductance  for  a 600-foot  length. 
Allowance  must  consequently  also  be  made  for  this  inductance. 

In  summary,  the  antenna  input  reactance  must  be  sufficiently  negative  to 
permit  inductive  tuning  of  the  antenna,  making  allowance  for  the  drive  cable  inductance 
and  antenna  tolerances. 
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In  analyzing  and  testing  the  antenna  configurations  it  becomes  apparent  that 
for  slant-fed  configurations,  the  antenna  inductance  (and  resistance)  is  primarily  a 
function  of  the  slant-feed  wire  which  conducts  the  current  to  the  top  hat.  In  lieu  of 
utilizing  the  measured  inductance  values,  which  have  been  shown  to  be  incorrect  because 
of  the  impracticality  of  exact  wire  scaling,  inductance  calculations  have  been  performed 
for  the  actual  slant-feed  cable.  These  calculations  were  performed  using  the  self- 
inductance  formulas  by  Grover  (reference  6)  for  various  lengths  of  feed  wire.  Since 
the  antennas  are  essentially  operating  in  parallel  in  the  2-  or  4-  tower  arrays,  induc- 
tance values  are  divided  either  by  2 or  4. 

It  is  of  interest  to  examine  the  probable  output  configuration  for  tuning  and 
matching  the  antenna  array,  as  shown  in  figure  36.  Listed  in  table  8 for  the  two  optimum 
configurations  is  the  total  inductance  required  for  resonance  at  100  kHz,  the  cable 
inductance  and  the  transmitter  tuning  inductance,  the  latter  two  reduced  by  the  square 
of  the  matching  transformer  ratio  (see  lines  1 and  2 in  the  table). 

It  is  apparent  that  the  antenna  in  the  two  models,  in  combination  with  the  cable 
and  tolerancing  inductance,  exceeds  the  required  inductance  and  that  alternative  feed 
configurations  or  connections  need  to  be  examined.  One  possible  solution  here  is  to 
parallel  the  slant-feed  wire  with  one  of  equal  diameter  spaced  2 to  3 feet  from  it.  The 
antenna  inductance  La  reduces  then  to  139  and  89  microhenries,  respectively,  as  shown 
in  lines  3 and  4 in  the  table. 

Another  possible  approach  is  the  modification  of  the  top  hat  configuration  to 
one  with  shorter  top  loading  elements.  The  relationship  between  radial  length,  capaci- 
tance and  radiation  resistance  has  been  documented  by  Devaney  et  al  (reference  1). 
Applying  these  relations  to  the  4-foot  top  loaded  antenna  it  can  be  shown  that  a reduc- 
tion in  top  loading  length  from  4 to  3 feet  should  reduce  antenna  capacitance  by  25% 
and  reduce  bandwidth  by  7.5%.  The  bandwidth  will  then  suffer  only  a slight  decrease, 
while  the  25%  decrease  in  capacitance  increases  the  required  total  inductance  to  299 
and  132  microhenries  respectively,  comfortably  larger  than  the  calculated  inductances 
(see  table  8.  lines  5 and  6,  and  Section  VI). 

5.  INPUT  RESISTANCE 

It  has  previously  been  noted  that  the  proper  scaling  of  the  heat  loss  resistance 
was  neither  practical  nor  possible.  Various  measurements  and  testing  have  confirmed 
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that  the  bulk  of  the  antenna  loss  resistance  is  that  of  the  slant-feed  wire,  as  was  the 
case  for  the  antenna  inductance.  In  lieu  of  model  measurement,  the  approach  followed 
was  to  measure  and  calculate  the  AC  resistance  at  100  kHz  of  the  type  of  wire  actually 
employed  with  the  full  scale  antenna. 

At  the  present  time,  Times  Wire  and  Cable  of  Wallingford,  Connecticut  is 
producing  under  subcontract  the  top  loading  wire  for  the  antenna  to  be  utilized  with  the 
AN/TRN-39.  The  wire  is  manufactured  by  placing  a double  layer  of  braiding  over 
0.  312  diameter  phyllystran  cable.  The  cable  resistance  at  100  kHz  has  been  measured 
at  Times  Wire  and  Cable  and  reported  to  be  2.  5 ohms  per  1000  feet. 

The  expected  cable  loss  resistance  for  4 parallel  antenna  feed  wires  763  feet 
long  is  therefore  0.  48  ohms  and  for  two  parallel  feed  wires  600  feet  long  it  is  0.  75 
ohms.  The  values  are  well  within  the  total  loss  resistance  tolerances  specified  for  the 
AN/TRN-39  (4.8  ohms  maximum)  or  those  measured  with  AN/TRN-21-A  equipment 
(normally  4 ohms).  The  total  loss  resistance,  of  course,  includes  the  ground  plane 
resistance  which  contributes  the  major  part  of  the  losses. 

6.  PARTIAL  OPERATION  (SHUT-DOWN,  SHOT-DOWN  MODES) 

During  partial  operation,  two  of  the  antennas  in  the  4-antenna  array  are 
inoperative  either  due  to  maintenance,  partial  erection  of  the  array,  or  casualty.  The 
following  conclusions  regarding  continuing  transmission  during  such  a phase  are 
presented. 

• When  diagonally  opposite  antennas  are  selected  as  the  active  units  there 
will  be  no  shift  in  the  electrical  phase  center  of  the  transmitted  signal 

• The  omnidirectional  character  of  the  transmission  will  be  maintained, 
as  verified  by  directional  field  intensity  measurements. 

• Tuning  lends  itself  to  parallel  tuning  coil  arrangements  or  transformer 
tap  changes.  The  antenna  capacitance  is  halved  when  only  two  antennas 
are  driven  and  the  required  tuning  inductance  then  must  be  doubled. 

• Any  part  of  the  non-active  antennas,  being  in  the  near  field  of  the  active 
units,  will  charge  up  to  a voltage  high  enough  to  be  dangerous  to  personnel. 
It  there  is  therefore  recommended  that  no  maintenance  activities  involving 
personnel  be  performed  during  signal  transmission. 
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• The  tests  performed  on  the  partial  configuration  indicate  that  the 

preferred  method  of  operating  with  inactive  towers  is  to  float  the  antenna 
(except  for  a tower  bleeder  resistance),  that  is,  not  to  ground  either  the 
tower,  radials  or  feed  wire.  If  this  precaution  is  not  taken,  circulating 
currents  will  cause  a significant  reduction  in  transmitted  power. 

7.  DIRECTIONAL  EFFECTS 

The  top  loaded  monopole  antenna  has  previously  been  shown  by  investigation 
and  actual  use  to  be  omnidirectional.  This  characteristic  is  not  modified  by  paralleling 
individual  towers  to  form  multitower  arrays,  primarily  because  dimensionally  each 
array  is  still  much  smaller  than  a 100  kHz  wavelength.  The  circular  tests  performed 
during  this  program  on  most  of  the  antenna  configurations  have  shown  variation  of  only 
1 to  2 dB  and  these  were  found  to  be  more  a function  of  the  actual  spot  where  a measure- 
ment was  performed  than  the  configuration  employed. 

8.  ANTENNA  VOLTAGES 

In  each  antenna  configuration,  high  voltages  will  appear  at  various  points  on 
the  antenna  requiring  that  the  insulating  portion  withstand  these  potentials.  Of  specific 
interest  in  the  recommended  antenna  configurations  are  the  potentials  at  each  top  hat 
since  the  tower  structure  must  be  insulated  and  the  input  voltage  at  the  slant-feed  radial 
is  driven  from  a coaxial  cable. 

Examining  the  circuit  in  figure  36,  and  considering  that  the  antenna  inductance 
is  primarily  the  inductance  of  the  slant-feed  wire,  it  can  be  concluded  that  the  potential 
between  A and  ground  is  the  top  hat  voltage  Erpjj,  which  exists  across  both  insulating 
ends  of  the  tower  structure.  Voltage  E^pj  is  simply  the  product  IaXca  where  Ia  is 
individual  antenna  current  and  Xcais  the  capacitive  reactance  of  each  single  antenna. 
Table  8 shows  the  top  hat  potentials  expected  for  each  of  the  configurations  listed  in 
that  table. 

The  slant-feed  potential  Ep  is  the  product  IaXp  where  Xp  is  the  parallel  input 
reactance  of  the  antenna  array  and  Ia  is  the  total  input  current.  Since  Xp  is  small,  the 
antenna  being  self  resonant  near  100  kHz,  the  expected  input  voltage  is  relatively  low. 
This  simplifies  insulation  requirements  for  the  transmitted  output  circuitry  especially 
for  the  600-foot  transmission  line.  The  values  for  Ep  are  shown  in  table  8. 
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9.  GROUND  PLANE 


Consideration  has  been  given  to  the  relative  merits  of  establishing  a single 
central  ground  plane  for  the  entire  antenna  array,  versus  single  ground  planes  associ- 
ated with  each  antenna.  Because  the  low-Q  wide-band  antenna  does  not  require  an 
optimum  ground  system  the  investigation  has  been  largely  governed  by: 

• Keeping  the  present  electrical  characteristic,  that  is,  a ground  loss 
resistance  of  the  order  of  a few  ohms. 

• Simplicity  and  rapid  installation  techniques. 

• Material  cost  and  weight  factors. 

For  the  present  Loran-D  antenna  the  ground  system  is  formed  with  aluminum 
ground  radials  connected  to  a central  ground  point.  Continuing  with  this  approach  and 
ruling  out  the  crossing  of  ground  radials,  the  choice  is  between  a radial  installation 
with  the  central  feed  point  as  the  center,  or  the  prior  technique  with  each  tower  base 
as  the  radial  center.  It  was  found  that  for  the  same  linear  footage,  an  installation 
from  the  central  feed  point  would  provide  insufficient  coverage  below  the  outer  top 
loading  elements  of  each  tower  and  would  provide  coverage  in  the  area  of  the  cusps 
where  it  is  not  required. 

The  recommended  ground  plane  configuration,  shown  in  figures  37  and  38 
therefore  contains  four  individual  ground  planes,  each  associated  with  use  of  the 
component  antennas  and  attached  to  the  antenna  base  plate.  A ground  wire  then  connects 
each  base  plate  to  the  matching  unit. 

The  system  proposed  is  concentrated  under  each  top  hat  where  maximum  top- 
hat-to-ground  capacitance  is  achieved,  and  it  further  makes  use  of  all  the  simplifying 
techniques  developed  for  the  Loran-D  system.  Among  these  is  the  ability  to  supply 
the  ground  wires  precut  in  one  or  two  sizes  and  packaged  on  reels. 
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SECTION  VI 


RECOMMENDATION 


The  tests  of  the  model  150-foot  towers,  even  with  a 4-tower  array,  show  an 
intrinsic  bandwidth,  Af,  of  less  than  one-fifth  that  of  a single  400-foot  tower.  The 
use  of  150-foot  towers,  despite  the  ease  of  erection,  should  not  be  given  further  con- 
sideration. 

The  tests  so  far  conducted  with  the  model  400-foot  towers  have  shown  that 
it  is  necessary  to  utilize  a 2200-foot  diameter  circle  for  the  antenna  array,  providing 
the  maximum  Af,  or  power  output,  with  the  top  loading  configuration  described. 
Reducing  the  active  length  of  the  top  loading  elements  should  be  explored  by  further 
studies  to  determine  if  the  circle  can  be  reduced  in  area  while  maintaining  a high  Af. 
The  reduction  in  top  loading  length  will  also  raise  the  antenna  resonant  frequency, 
simplifying  antenna  tuning  and  permitting  the  use  of  a single-feed  conductor  per  antenna. 

The  investigation  of  non-uniform  top  loading  arrays  also  seems  indicated. 

The  measured  non-directional  characteristic  of  the  2-tower  array  suggests  that  the 
top  loading  elements  running  away  from  the  center  of  the  array  may  be  lengthened 
to  increase  Af.  Non-uniform  top  loading  arrangements  had  not  originally  been 
considered  due  to  an  apprehension  of  a non-uniform  radiation  pattern. 
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APPENDIX  I 

WIDE-BAND  CURRENT  TRANSFORMER  SPECIFICATION 


I- 1/1-2 


VJ IDE  BAND  CURRENT  TRANSFORMER 


Precision 


PULSE  CURRENT  TRANSFORMER 


Model  IIO 


This  current  transformer  is 
flat  from  1 Hz  to  35  MHz 
(3  dB  points) . It  is  useful 
for  audio,  video,  rf  and 
pulse  measurements.  Current 
being  measured  can  be  in  a 
conductor  at  low  or  very  high 
voltage,  or  a beam  of  charged 
particles . 


pulse  response) . . . 

2.  Rise  Time  - 20  nanoseconds  for  a step-funct ion 
current  pulse. 

3.  Droop  - 0.5%  per  millisecond  for  top  of  a square 
wave  or  pulse. 

4.  Pulse  I'V  - 0.6  ampere  second  max.  (small  bias 
current  in  secondary  needed  for  values  approaching 
this  max. ) . 

5.  Frequency  Response  - 1 Hz  to  35  MHz  at  3 dB  points. 

6.  Sine  Wave  i/f  - 2.5  amps  peak  per  Hz. 

7.  Current  - 5,000  amps  peak,  50  amps  -rms  maximum. 

8.  Insertion  Resistance  - 0.0002  ohm. 

9.  Voltage  between  Center  Conductor  and  Case  - 30  kV 
flashover  in  air  for  3/4"  diam  bare  center  conductor. 

10.  Capacity  Added  to  Circuit  - 4 pF  in  oil,  2 pF  in 
air,  for  typical  installat ion . 

11.  Output  Connection  - BNC  receptacle. 

12.  Cable  - 50  ohm  cable  such  as  RG-58C/U. 

13.  Cable  Termination  - typical  oscilloscope  input  (e.g., 
, 1 megohm  and  20  pF  in  parallel) . 

14.  Overall  Dimensions  - 4"  OD  x 1"  thick,  2"  ID. 


APPENDIX  II 

FIELD  INTENSITY  METER  AND 
LOOP  ANTENNA  FACTORS 
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ANTENNA  "FACTOR"  FOR  LOOP  ANT  LP-105 


FREQ 

DB 

FREQUENCY 

DB 

150  kc 

43.0 

2.4  me 

28.5 

175  kc 

41.8 

2.7  me 

28.0 

200  kc 

40.7 

3.0  me 

27.5 

225  kc 

40.2 

3.4  me 

27.0 

250  kc 

38.6 

3 . 7 .me 

26.5 

275  kc 

'38.5 

4 . 0 me 

25.5 

300  kc 

38.0 

4 . 4 me 

24.5 

325  kc 

38.0 

4.7  me 

24.0 

360  kc 

37.5 

5.2  me 

23.5 

400  kc 

38.5 

6 . 0 me 

25.0 

450  kc 

38.0 

7.0  me 

24.0 

500  kc 

37.5 

8.0  me 

23:0 

560  kc 

36.5 

9.0  me 

22.5 

620  kc 

36.0 

10.0  me 

21.5 

.700  kc 

35.0 

11.0  me 

20.5 

,<760  kc 

34.0 

12.0  me 

20.3 

820  kc 

33.0 

870  kc 

32.0 

900  kc 

35.5 

12.7  me 

21.5 

1Q0Q  kc 

34.5 

15.0  me 

20.5 

1.1  me 

33.5 

29.0  me 

20.0 

1. 3 me 

32.0 

22.0  me 

19.5 

1.5  me 

31.0 

24.0  me 

19.0 

1.7  me 

29.0 

27.0  me 

18.4 

1.9  me 

28.0 

30.0  me 

18.0 

2.1  me 

27.5 

For  substitution  measurements  add  20  db  to  the 
above  factors. 
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APPENDIX  III 


derivation  of  antenna  capacitance  and  inductance 


Equivalent  circuit  for  antenna  input  impedance 


Let  reactive  part  of  Zj  =Xj 


Then  X.  = XT  - Xn 

1 ^a  ca 

(1) 

xi  - 2*  fLa  - TFT  ca 

(2) 

Differentiating  with  respect  to  f 

dX.  < 

a 

(3) 

and  £[df]=  2,r  + 2^  f Ca 

(4) 

Subtracting  (4)  from  (2) 

Xi-  1 [df1]  = 2TT  f2Ca  = -2XCa 

(5) 

dXj 

X f ^ " Xi 

Ca  ' 2 

(6) 

and  XT  = X.  + X„ 

J-*a  1 '-'a 

(7) 
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APPENDIX  IV 


POWER  FIELD  FORMULA 


Assumptions: 

• Far  field 

• No  losses 

• Flat,  perfectly  conducting  earth 

• E-field  measured  at  low  elevation  angle  9e  = 

• Cos  0e  field  dependence 

• Zq  = free  space  impedance  = 37712 


Measured  E^j  means  E (9e)  =. 


(E. . cos  9 , 9 >/0 

M e ’ e 

0 , 9 <0 

’ e 


Total  power  radiated  at  transmitter  site,  measured  by  E -field  at  distance  d from 
transmitter: 


P (watts) 


I 


v/2  _ >2 

(E  cos  6 ) 2 

— ^ — 2t r d cos  0 d0 

n Z e e 

0 o v j 

area  element 


M 


2v 


fir/2 

d2J 

J n 


COS  ee  d ee  - z 3 

0 o 


M4-7Td2 


P = 


JM 


9.  487 


or  P 


kW 


d (watts)  or 
2 


JM 


300.0 


d2(kW) 


f E i 

ldi 


in  volts /length  unit 
in  same  length  unit 


M 


186.4 


R = 
r 


d 

M 


186.4  I 


d2  = I2R 


1000 


r 


E,,  in  millivolts/meter 
d in  miles 


v 
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Z. 

1 


DERIVATION  OF  INTRINSIC  ANTENNA  BANDWIDTH 


Lt 

JYYY\. 


jnm. 


Tuning 

Inductor 


R 

r 

— wv— 


Antenna  Equivalent 
Circuit 


Equivalent  Antenna  Circuit 
Let  the  bandwidth  of  the  single  timed  circuit  shown  = Af 

f 2 R 

Af  = -2  = — 

Q dX 


— (f  ) 
df  'o' 

Where  f = resonant  frequency 

Af  = 3 db  amplitude  bandwidth 

y = reactance  slope  at  fQ 

R = Radiator  resistance 


Also  Z.  = R.  + iX. 

i i J i 

X = X + X - X 
Lt  La  cs 


x. 

1 


XL  " XC 
La  La 


Where  X, 


Jt 


Reactance  of  timing  inductor 


X = Reactance  of  antenna  inductance 
La 

Xp  = Reactance  of  antenna  capacity 
ca 


dX 


dX. 


Differentiating  — = 27tL^.  + — 


At  resonance 

f 1 X.  1 

= |XT  1 

0 1 1 1 

1 Ltl 

and 

dX 

X.  dX. 

l l 

df(f0)  " 

f0  + df  (f0 ) 

(1) 

(see  reference  2) 


(2) 


(3) 


(4) 


V-l 


Substituting  equation  (4)  into  (1) 


2 R 2 R 

r r 

Af  = ~ax~  = “dxj  x7 
df^r  du^r~T^ 


(5) 

the  intrinsic  bandwidth 


Since 


- X„  = 2tt  fT 


CLa-l 


2lr  f0  Ca 


f C 
o a 


dXt 

"57 


2^La  + 


1 

27rCa  f 2 
a o 


(6) 


(27rf0)  Laca+1 


27rC  f 
a o 


Substituting  (6)  and  (7)  into  (5) 


2 R 


Af  =• 


(2^(f0)2  LaCa+  1 j (2tt  fQ)2  - 1 


2lr  Ca  f o 


(o  ^ fo  ca 


Af  = 2tt  f R C? 


(7) 


(8) 

the  intrinsic  bandwidth 
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FCC  AUTHORIZATION 


VI-l/VI-2 


UNITED  STATES  OF  AMERICA 


FCC  Form  4S0-D 
Jvinr  1^66 


FEDERAL  COMMUNICATIONS  COMMISSION 


^JE^iEin^U..iJ)£y£LQB:iENTAL^r 

(Mlm  of  B.rrle.)  ^ 


EXPERIMENTAL 

IAL  TEMPORARY  AUTHORIZATION 


K J. 


(Cali  ll(B) 


EX££&LMEtnAL..XD...£X 

(Claaa  o t atation) 


S-.659.1-£Qt..7.4.-.1 

(Fill  Dumbtr) 


NAME  SE£llllX..fw^...CQrJ?Or>AIIQJS..^...£PERR.X...C.YKQSCOP.E...D.I.Y.ISIQ.N 


..take...  S.ue.e.as.s .(.Na.s.sau.L.New...£o.rJk . -....iaJta...A0....^..Jj3....Ni..Mn&B...73.A2...35„.w._< 

(Location  oi  station) 


(Location  ol  authoriasd  ram*,  ta  control  point) 

Special  Temporary  Authority  is  hereby  granted  to  operate  the  radio  transmitting  apparatus 
described  below: 


Froquoney 

Emission 

Authorlxod 

Dos  ignotor 

Power 

19.0- 19.98  MHz 

A0 

1.0 

20.03-21.00  MHz 

A0 

1.0 

21.45-21.50  MHz 

A0 

1.0 

29.70-29.89  MHz 

A0 

1.0 

30.56-31.50  MHz 

A0 

1.0 

Spoelol 

Provisions 


This  special  temporary  authorization  is  granted  upon  the  express  condition  that  it  may  he  terminated 
by  the  Commission  at  any  time  without  advance  notice  or  hearing  if  in  its  discretion  the  need  for  such  action 
arises.  Nothing  contained  herein  shall  he  construed  as  a finding  hy  the  Commission  that  the  authority  herein 
granted  is  or  will  be  in  the  public  interest  heyond  the  express  terms  hereof. 

This  special  temporary  authorization  shall  not  vest  in  the  grantee  any  right  to  operate  the  station  nor 
any  right  in  the  use  of  the  frequencies  designated  in  the  authorization  heyond  the  term  hereof,  nor  in  any  other 
manner  than  authorized  herein.  Neither  the  authorization  nor  the  right  granted  hereunder  shall  be  assigned  or  other* 
wise  transferred  in  violation  of  the  Communications  Act  of  1934.  This  authorization  is  subject  to  the  right  of  use 
of  control  by  the  Government  of  the  United  States  conferred  by  Section  600  of  the  Communications  Act  of  1934. 

This  authorization  effective  . .1974 and 

FEDERAL  COMMUNICATIONS  COMMISSION 

, ft 

Secretary . 


Will  expire  3:00  A.M.  EST  February  7.,. ...1975 


E.C.C.  • WASHINGTON.  O.  C. 
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UNITED  STATES  OP  AMERICA 


FCC  Form  450-D 
June  1966 


FEDERAL  COMMUNICATIONS  COMMISSION 


EXPERIMENTAL  (DEVELOPMENTAL)  EXPERIMENTAL 

SPECIAL  TEMPORARY  AUTHORIZATION 


E>y.mM.KETAL..XD..FX 

(Clan  of  station) 


K C 2 X F L 

(C«U  «l4n) 

S-  6592-  ED- 74-  2 

(PUa  number) 


NAME  „ SPERRY  RAND  CORPORATION 

Is  lip  (Suffolk)  New  York  - Lat.  40  47  52  N;  Long.  73  06  29  W. 

(Location  o i station) 


(Location  of  authoelsad  ramota  control  point) 


Special  Temporary  Authority  is  hereby  granted  to  operate  the  radio  transmitting  apparatus 
described  below: 


Frequency 

Emission 

Designator 

19.0-19.98  MHz 

A0 

20.03-21.00 

MHz 

A0 

21.45-21.50 

MHz 

A0 

29.70- 29.89 

MHz 

A0 

29.91- 29.97 

MHz 

A0 

30.56-31.50 

MHz 

A0 

Aw#/ torlxod  Special 

Power  (Waffs)  Provisions 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 


Special  Condition: 

(1)  The  station  identification  requirements  of  Section  5.152  of  the 
Commission's  Rules  are  waived. 


This  special  temporary  authorization  is  granted  upon  tho  express  condition  that  it  may  he  terminated 
by  the  Commission  at  any  time  without  advance  notice  or  hearing  if  in  its  discretion  the  need  for  such  action 
arises.  Nothing  contained  herein  shall  he  construed  as  a finding  hy  the  Commission  that  the  authority  herein 
granted  is  or  wiii  be  in  the  public  interest  heyond  the  express  terms  hereof. 

This  special  temporary  authorization  shall  not  vest  in  the  grantee  any  right  to  operate  the  station  nor 
any  right  in  the  use  of  the  frequencies  designated  in  the  authorization  heyond  the  term  hereof!  nor  in  any  other 
manner  than  authorized  herein.  Neither  the  authorization  nor  the  right  granted  hereunder  shall  he  assigned  or  other* 
wise  transferred  in  violation  of  the  Communications  Act  of  1934.  This  authorization  is  subject  to  the  right  of  use 
of  control  hy  the  Government  of  tho  United  States  conferred  by  Section  606  of  the  Communications  Act  of  1934- 

This  authorization  effective  .April..  .2^  1975 and 


wiil  expire  3:00  A.M.  EST 


Se  P.££!??fe£  .5 ... . 1 ,?.7  5 


F.C.C  • WASHINGTON.  O.  C. 


FEDERAL  COMMUNICATIONS  COMMISSION 
Secretary 
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FCC  Form  450-H 
Scpirmbri  197  2 


UNITED  STATES  OF  AMERICA 

FEDERAL  COMMUNICATIONS  COMMISSION 
EXPERIMENTAL 
RADIO  STATION  CONSTRUCTION  PERMIT 


AND 

LICENSE 


EXPEjUMENTAL  , (DEVELOPMENTAL) 

(Nature  of  service) 

EXPERIMENTAL  XD  FX 

(Class  of  ststion) 

NAME  .^.ERRY..MM.COJgOMIIM4....^.KRRY-..GYRQS.COIJ£.JDIYISIQN 




(Call  »l»n) 

fi5Stls.EDr.Elcr..7.4.. 

(File  number) 


A0....^...1S„.Ni„..I,,.QDg.«....73....^.2..33....W.r 

(Locstion  of  station) 


(Locstion  of  authorized  remote  controt  point) 

Subject  to  the  provisions  of  the  Communications  Act  of  1934,  subsequent  acts,  and  treaties,  and  all  regulations  heretofore  or 
hereafter  made  by  this  Commission,  and  further  subject  to  the  conditions  and  requirements  set  forth  in  this  license,  the  licensee  here- 
of is  hereby  authorized  to  use  and  operate  the  radio  transmitting  facilities  hereinafter  described  for  radio  communication. 


Emlssi  on 

Frequency  Dtslgnotor 

Authorized 
Power  (Watte) 

Speclol 
Prov/s  /on* 

9.5  - 9.99  MHz  AO 

1 

10.010  - 10.5  MHz  A0 

‘ 1 

r ‘ * ‘ • 

Equipment:  (1)  Experimental 

*.  *.  f.  . 

..  # 

Frequency  Tolerance:  * .005% 

i * 

« • ■ • t 

Hours  of  Operation:  Daytime  only 


Operation:  In  accordance  with  Section  5.252(a)  of  the  Commissions  Rules. 


The  nbovo  frequencies  arc  assigned  on  a temporary  basis  only  and  are  subject  to  change  at  any  time 
without  hearing. 

This  authorization  is  granted  subject  to  the  condition  that  no  harmful  interference  is  caused  to  any 
other  station  or  servico  nnd  may  bn  cancelled  at  any  time  without  hearing  if,  in  tho  judgment  of  tho  Commission, 
such  action  should  bo  necessary. 

This  license  is  issued  on  the  licensee’s  representation  that  the  statements  contninod  in  licensee’s 
application  arc  true  nnd  that  tho  undertakings  therein  contained,  so  far  as  they  are  consistent  herewith,  will 
be  carried  out  in  good  faith.  The  licensee  shall,  during  the  term  of  this  license,  render  such  service  as  will 
serve  public  interest,  con% eniencc,  or  necessity  to  tho  full  extent  of  the  privileges  herein  conferred. 

This  license  shall  not  vest  in  the  licensee  any  rieht  to  operate  the  station  nor  nnv  richt  in  the  use  of 
the  frequencies  designated  in  the  license  beyond  the  t‘rm  hereof,  nor  in  nny  other  manner  than  authorized 
herein.  Neither  the  license  nor  the  right  granted  hereunder  shall  be  assigned  or  otherwise  transferred  in  vio- 
lation of  the  Communications  Act  of  193T  This  licence  is  subject  to  tho  right  of  use  or  control  by  tho  Govern- 
ment of  tho  United  .States  conferred  by  Section  60G  of  tho  Communications  Act  of  1934. 


This  authorization  effective  ...May.... L6.*....L9.7& - and 

will  expire  3:00  A.M.  EST  September...!.,...  19.7.6 


F.C.C.  • WASHINGTON,  O.  C. 


FEDERAL  COMMUNICATIONS  COMMISSION. 
Secretary . 


VI -5 


1.  Upon  completion  of  the  station,  in  accordance  with  the  terms  of  this  perr.it,  the  grontee  shell, 
on  the  forms  ond  in  the  manner  prescribed  from  time  to  time  by  the  Commission,  rr.c.<o  it  appear  :o  the 
satisfaction  of  the  Commission  that  all  the  terms,  conditions,  and  obligations  set  forth  in  the  arrii- 
cation  ond  in  this  permit  hove  been  fully  met,  and  sholl  opply  for  a radio  station  license;  upon  such 
showing  ond  application,  ond  upon  o finding  by  the  Commission  that  since  the  granting  of  this  permit 
no  cause  or  circumstance  has  arisen  which,  in  the  judgment  of  the  Commission  makes  the  operation  cf 
the  station  agoinst  the  public  interest,  a rodio  station  license  will  be  issued  by  the  Commission  for 
the  operotion  of  the  stotion.  The  license  will  contain  the  conditions  specified  in  Section-309  of  the 
Communications  Act  of  1934,  and  such  other  terms  and  conditions  cs  the  Commission  may  prescribe. 

\~  . * v - ■ - -*1-* 


2.  This  permit  shall  not  vest  in  the  grantee  any  right  to  operate  the  station,  nor  any  right  to  a - 

license  authorizing  the  use  of  the  particular  frequency  or  the  orr.ount  of  power,  c:  the  time  of  operation 
herein  specified.  The  Commission,  in  issuing  this  permit,  reserves  the  right  to  assign  whatever  fre- 
quency, power,  or  time  of  operotion  it  deems  best  calculoted  to  serve  public  interest,  convenience,  or 
necessity.  The  terms  of  said  license  as  to  frequencies,  power,  emission,  time  cf  operation,  ond  scope 
of  communication  ore  expressly  made  subject  to  the  exercise  of  sold  reserved  right.  ...  . 

3.  Nothing  contoined  herein  sholl  be  construed  as  o finding  by  the  Commission  cn  the  question  of 
marking  or  lighting  of  the  antenna  system  should  future  conditions  require.  The  permittee  expressly 
agrees  to  instoll  such  marking  or  lighting  as  the  Commission  moy  hereafter  require  under  the  provisions 
of  Section  303  (q)  of  the  Communications  Act  of  1934. 


4.  This  permit  shall  become  outomotically  forfeited  if  the  soid  stotion  is  not  ready  for  operotion 
within  the  time  obove  specified,  unless  prior  to  the  expiration  of  soid  permit  the  Commission  shall 
have  gronted  an  extension  of  time.  Upon  proper  showing,  made  to  it  by  the  grantee,  prior  to  the 
expirotion  of  such  period,  the  Commission  may  grant  an  extension  if  it  finds  that  the  grontee  wos  pre- 
vented from  completing  the  construction  of  soid  stotion  by  couses  not  under  grantee's  control. 

5.  Neither  this  permit  nor  the  right  gronted  herein  shall  be  assigned  or  otherw ise  transferred  to 
ony  person,  firm,  company,  or  corporotion  without  the  written  consent  cf  the  Commission. 


T.C.C.  • WASHINGTON,  O.  C. 
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"/nM 


B£'tX ex , OS^i  l L rtrvn? j 

T&  to 


tr^UO  ^ O4  /f  c/zn~ 
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SECURITY  CLASSIFICATION  (THIS  PAGE)  

LOG  NUMBER i SYSTEM  SERIAL  NUMBER 


EQUIPMENT  LOG  FOR  M UUt  Jjluhzjt  -s  Th  I)  Y 


(Subsystem,  Major  Unit,  Etc.) 


EQUIPMENT  SERIAL  NUMBER(S) 


DESCRIBE  OR  REFERENCE 

OPERATING,  MAINTENANCE  TEST  AND  OTHER  PERTINENT  INFORMATION 

DATE  AND  SIGN  EACH  ENTRY 
(1) 

Mj 

( ~i\  f4^oT  f*4 


f 

TYPE  OF 

HOURS*  OF  OI.SRAT.ON  ORCRA^ 

OP7^'ON  , ON  * STANDBY 


CUMULATIVE 
OPERATING  TIME 


Py* 

x/ 0 


• 9f 


- n 3 


^ (7 


/c 


,//-// -7/ 


f 


Vf.K.'JjjL 
i/pp 

* 

6 


t/ 

/0 

cl 


II 

/o 

? 


/6? 

/<? 

/0 


x 7 

VjL 

i 2, 4. 

J4 

OL_ 

2 rs~c? 

/3  2 

2?,r 

2 3<f<^ 

/ nn- 

2 34fc> 

184 

iy,  u 

2T3o 

/ 3V 

17.0 

2410 

< ‘T‘1 

)<r-s~ 

2 3S~6> 

1 $3 

{4,  2 

TiJ  C(f\  /<rw"  P>X\^j£  A/4c)*s-^S 

I 

Rec.c Bai  JjS  \Joir  ^S4lS 


cjn . irw-uz  , ^ ^ / / 

UX  ^ (jc\Xc^ 

ZfS  77!  f C,]  - -Ul(  m-fc)  + L 

/ 6o  • f t o^c,  - ~)i  z mc8  G f 2. 

C - ~>c  f {-</  =>  C6 p-fo1 

Vc  ■-  2/*  F>  2*4 

~)t  7 ? i 7?  { L -z/v 
L ‘ 0 6yi7  /y.  l-ZZ. 


£<rOtSc/7 


0 hA^pA  .7u  c,  Ak r S 

f *4o,  d 


’ ^v. 

JlL 


~2Aft0  ’V/yfo 


■zi  no'’*/znf  c)5*-  -Wifi*  /cj  /-'i 

/ 57  jr/<3?c  * XH’SC  ft. 

c - p(7  pTtyU 

1 ' lirf  flt/o-'1  *■ 

\ 

A - 3 'll  pk.  ^ /i  2^2- 


SECURITY  CLASSIFICATION  (THIS  PAGE)  

LOG  NUMBER L SYSTEM  SERIAL  NUMBER 
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EQUIPMENT  LOG  FOR  MW  LTLrouJi?/L 


(Subsystem,  Major  Unit,  Etc,) 


EQUIPMENT  SERIAL  NUMBER(S) 


DESCRIBE  OR  REFERENCE 

OPERATING,  MAINTENANCE  TEST  AND  OTHER  PERTINENT  INFORMATION 

DATE  AND  SIGN  EACH  ENTRY 
(1) 


TIME  i type  of 
AND  OPERATION 

HOURS  OF  j (3) 

OPERATION  -Ttijoby 77Z 

(2)  ON  STANDBY 


CUMULATIVE 
“"‘■"W  **“l 

ON 


CUMULATIVE, 
OP  CRATING  TIME 


()  At  ft  F 

'$.0*1  &Ofi 

AJo/'^SiH(C 

// 

f 

Rh 

Xo 

1 

q 0 

3,  V 

~^3 

At* 

7/2- 

1 

/ <yv 

no 

- KOI 

- ns 

*■  : 

» 

-if- n 


3,?  X ® (z  v(7c)  ’ -2»7  (mQc-  +!- 
C Z\o  - -I3oox(o*  C,  -ll 
C z S7CV  p-fj 


Xc 


-20?  IrfL  ~ 2 ?*7 

i ~ I,  I S'  yU  ^ 


~ 6 o~o 

«v>  1 i « y 


1 1 


2 /,  / i /U  K 

Fc^i  Tyto&i)  ^7 

Iv-ctij*-.  £ %tiCL 
fa.  $>£  S'o'Z  a 2 7?L  + ^ 

1,7  O 


d*c  , Cs".  f 


o, 


J- 

'17c. 

. 3^  //p'7-  --  /. 

2.C 

'3  7 it  o' z 7 1 

.-3 


c 


0 7 c 


C -VM' 

*,rr  ^ (/.£  x ^o-/'  -f  l.frot, 

C - i r 1 

t, , iV  1 ' O ' ^ ^ ^ P f c/ 

L '■  HfrnF1  (33?  r/^  f~ 

j 

• 5*  2. 


: 2o  A 


L " 
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SECURITY  CLASSIFICATION  (THIS  PAGE)  

LOG  NUMBER L SYSTEM  SERIAL  NUMBER 


EQUIPMENT 


log  for  kKLTJi  PZJI&X- 


(Subsystem,  Major  Unit,  Etc,) 


EQUIPMENT  SERIAL  NUMBER(S) 


DESCRIBE  OR  REFERENCE 

OPERATING.  MAINTENANCE  TEST  AND  OTHER  PERTINENT  INFORMATION 

DATE  AND  SIGN  EACH  ENTRY 
(1) 


v iJcttti  ^rvi  h A*f  "f07 


VuZ  i TYPE  or 

HOUR.  OP  I O^ATiOH 
OPIRAT,ON  ON^  ^hobv 


(2) 


CUMULATIVE 
OPERATING  TIME 


j 

n 


'Inf# 


/syf,  ,oe>*  r^f  ,<,-■>> u> 

i"ff  j ^ - 'r? 

Off;  w 


/ 


/ - 


+ /%,  . O’ 


f e, 


7° 


X ~ * ?/0*-  ± -bl^a 


-•  zo&o 


y\- 


t / ^ 


PaM  a t i 


A <JJt 

VC~cn> 

3 ft/TT" 


5^  Vz<rv 


m (to 


2y<ro 

^6^CJ 

3oe  o 


oLc^  — ? 3-YIO  TV 

Csb*(L  g2.p>  f<rJ  — 7?*  ZO?OJi_ 


r/7//e 

spt.c^  'Tt^otu*  <c£j 

feeul+f 

tLu t 

X C- 

r.r 

2/<rv 

Z2  O-0 

2.8,0 

3^  6> 

H.f 

220-0 

32.0 

Yl  - 

■16  c dtfff  -- 

7!  . 

’ll  t/v  fc  /?  -36o(2t/c.)  t'L 

iU</~?  X 'C*  - -llj  t>HX ) °&C.  t X. 

2.  tf  y*  Itv&L.  - "2. 

c - nrf4^ c.--jr^ 
u "0 
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SECURITY  CLASSIFICATION  (THIS  PAGE)  

LOG  NUMBER L SYSTEM  SERIAL  NUMBER 

EQUIPMENT  LOG  FOR  . td U. LTl- iQuj  £&  S' 7~ ti  E>  f 


(Subsystem,  Major  Unit,  Etc.) 


EQUIPMENT  SERIAL  NUMBER(S) 


DESCRIBE  OR  REFERENCE 

OPERATING.  MAINTENANCE  TEST  AND  OTHER  PERTINENT  INFORMATION 

DATE  AND  SIGN  EACH  ENTRY 
(1) 


B /£/ 

Pul/ 

6 v°uf  pt 

* i 

J 

- -/y  o f'a'nj-  c)-f 

II /l^/ 7/ 

\ 

/w 

Yl  *7* 

2. 

// 

2 ?i?o 

hy 

/ ^//^c 

a “Jf/7  4 7_ 

/£> 

^ r'z? 

'Vo 

C » 

7#  P & Yc  ~ 

o./ 

n 2_ 

- -a.  77* 

ft  -2.0*/ 

1 

*7  - 2)/r)» 

■ * 1 

A - A 

*2.  M 4. 

' 1 

■ 

TIME 

AND 

HOURS  OF 
OPERATION 
(2) 


I 

1 TYPE  OF  1 

CUMULATIVE 

j OPERATION 

OPERATES  TIME 

v 

°J*  STANDBY 


B/iaicJ/o  'Q.m'JnL  i /,'cy,  r*(-  c 

//  i~)3c>  2.3,.^  i)  ’’/A)  *-0?  /iw-f  c.)  y 2. 

/L>  -^/t>  /v.v  /3  ? ^ x/o  ? c.  f L 

/ 7 ircv  />■)'  /o  c| - 80  ffy.  yc±.  /?? 

clYi  / -l3^fZ7rfL  ~/9? 

Kc--W  Lz  0.95^4 


n 

A 


To  j -&/  £ fa  c cc+^cJ  i 

/^uM  f/Wj  P</^~p/^  / /?  \ 

/?.  *7  //2-  29tJO~6(l*f\c)*-/Vc{2nJs)-f 

/i z_  //Ac.  = -<1^ /*>*£. 

! c 'IHffd,  #C--  2/r" 
4 7 Vo  •*_  -L-nfi  —z\S~ 
j L --  h ~^L  , 

nh°hj 


~Ue-o  /$.  O /yo 

2J/7<9  |3  3 /?A> 

6 


= Lf  //I)*6  ^ y° 

6 /AJ 


C C?AA£cT*C>£  C ('vWt^ fv  cLi.Xt  {fhj  cJt  II H II  Aili/  /'/i/fji 

fJ/OtiAAj t U^t]  73  ploLy^J  qkj/ 


I 
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SECURITY  CLASSIFICATION  (THIS  PAGE)  

LOG  NUMBER / SYSTEM  SERIAL  NUMBER 


EQUIPMENT  LOG  FOR  lAlULlll  TQVJL& 


ZJ1lQ2L 


(Subsystem,  Major  Unit,  Etc.) 


EQUIPMENT  SERIAL  NUMBER(S) 


DESCRIBE  OR  REFERENCE 

OPERATING,  MAINTENANCE  TEST  AND  OTHER  PERTINENT  INFORMATION 

DATE  AND  SIGN  EACH  ENTRY 
(1) 


f /<L 


Tf 


n 

/o 

7 


zS70 

1- mo 

2- i/O 


7,7 

?,o 

//.i 


no 
tr  3 

m 


TYPE  OF 
OPERATION 


CUMULATIVE 
OPERA^UsjG  TIME 


TIME 
AND 

HOURS  OF  . ltBf 

OPERATION  ngTgab — 

(2)  1 ETAEpBl  ON  STANDBY 

, 1 / . 4 | 

///iz/?y 

t/ch  77> 

BktJjj.  & — Sv p p 


XV  nj 


7 V-HIG  //.r  / 7 / " , 

/7  &-W  OpjL  ctf'  yi  /Jit// 


/' 

/O 

7 

4T 


2 £\2^> 

L^ro 

-2-43  0 


/0,2- 
//.  O 
/ 4,0 


12 S' 

tHz. 

m 


tot  (L<a4 


!0-  -**3  (iirfz)  + * 

/*/f  Hi opc  « -<)(,  kio*C-  4 2- 

C*  %2  PfJ  , X<^*  rWJi 
-tfl  - 1 

/.  = 0/  £ i > 

ay.r  ^ )o~t( i?  - — /Hi  (2  tTfcj+'2i 

/fZA<o*c  ^ -<f7)C/^c  7 2. 

C»  rZpfS  / yc  * 

- = 2 -pL  -(72- 

LxO  .£0 yUh- 

J of1  lOj&$7"  9 T Fi  t// 

x*  *r«"'ff>/ire  r?  autfAvc, 

'amp  J 

RcmJjvp  jL  i 

V-^+  ^-jt*  * n>? m\zLu 


4/1 

7? 


23 


r-  J1> 
.1  // 


X c ■S'^y  jv 

'|  •2f-.iT  "VW* 


L \u(® 


ON 
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SECURITY  CLASSIFICATION  (THIS  PAGE)  

LOG  NUMBER / SYSTEM  SERIAL  NUMBER 


EQUIPMENT  LOG  FOR STUD"/ 

(Subsystem,  Major 

EQUIPMENT  SERIAL  NUMBER(S) 


Unit,  Etc.) 


DESCRIBE  OR  REFERENCE 

OPERATING.  MAINTENANCE  TEST  AND  OTHER  PERTINENT  INFORMATION 

DATE  AND  SIGN  EACH  ENTRY 
(1) 


D lccl\^‘Uc[  /W\s>iA  /iMc'IMsk.Q  i4-  Cli 

J ‘ • 

QiJU^UL  $4  0 cfa%QL, 


fcoo 

/o 


tffijl  P-l(i C&y  <c  CJXOj-v  ui  /%  £0  /fc 

>0  ^ 

M ttlr ^ -a.  ir-\  /•  /t> 


— — f r *~ 

™F  * TYPE  OF 

OPERATION  I 


HOURS  OF  WPI?3  j 

OPERATION  -KjOidA 


CUMULATIVE 
OPERATING  TIME 


(2) 


ON  STANDBY 


l 


, : ///V7* 

d.  CVfJf 


v T ^ M 


*//  ts" 


< ' \JL< /< ^K<dx. 


h/ tv^s  is  5~<o  Ji.  /ifs 

-/  <2^*yO  /ISU*  S 

5 f ^ 

/tM«j(Zo\  6>'b~/W 

h A ^yC-^yi  / 

F 1 / f/i  j. 


L '131  Ite-I  ^ 


(TT) 


:/ 


i 

#uyO 


% 
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SECURITY  CLASSIFICATION  (THIS  PAGE)  

LOG  NUMBER / SYSTEM  SERIAL  NUMBER 

EQUIPMENT  LOG  FOR  11  2£LL  ' T^_Q£.  L ZlH 


(Subsystem*  Major  Unit,  Etc.) 


EQUIPMENT  SERIAL  NUMBER(S) 


DESCRIBE  OR  REFERENCE 

OPERATING.  MAINTENANCE  TEST  AND  OTHER  PERTINENT  INFORMATION 

DATE  AND  SIGN  EACH  ENTRY 
(1) 


f 


V /fo>M  t //-2t-nLf 

dil  Sthji>e,lL  W&ST  20$'  f JCo'  £A3T  2oo  , 

/.  Tid-it.  ter  too-*  /ld(J  cj.  foJc+sy-i 

lotu  ' FAjL^^Ca^ 

: ~~~~  YJ] 


pu  tl,  * t-ciMA^P  fidij  fl cAit/-. 

jfXjL  j £rf>  £.-% 

L tVn_^»  /j-o  (?d  * Co^i  ij  r (L&-  - o£r\t  1/*^^ 


TIME 

AND 

HOURS  OF 
OPERATION 
(2) 


i iri  u 

J 


CUMULATIVE 
OPERATING  TIME 


°r 


2. 


f LiPs. 


10  nw/ 

lo  Al/ 

O'  r^V 

/0  A V 


W.  ft’X^S’ 

Hit  us  ~ yos 

4y-rrJ6.T  ’if 
H/dftUs  *7 

c 6*</  °k^o  ^ 

ftr  tus  -no 


J'd  tu  ^£(tu  c t\  </n 


^A  = 


w /’i  7 t - t ’ 

XoSdl-  ah*  l/ut  /m.&i-  10,6 

It'idl-  cdU-*  t /W, i At  (iK-  2,  i 


&±_L± 

!i  - v 

1a  * Mi 

-J  — 

LwriF  v/K-Y" 

JOoUx.  t?u*. 

~yy 

W 20JT 

> 99! 

W joo 

. ST7 

tL  loJ 

. til 

2 200 

l.l 

£ loo 

K 


0^4^^  or\,  ! Mr!  yH^vv> <P\A^  itill  cUyAuc^^j  ^ 

f A/Kd<A,yt)  jd^  Of", 


ft/  2^5" 
ftf  J0C> 

2"  2t;<j 
^ 20  0 


•i 

9-91^ 


9SW/P 


d zeu 


fPr 


993<^H^ 


S’  9 dir  cJlvv^,  ~ /19  /Cfi\\/  A*M 

ty\ f^/tudsri  , g~ | y _ / o , / /4 

j M.(t\  6, 1 a/ 


>’  yXi6\ 

sn^  j 

(fi  ICS_ \W 
Jti 


*A  - 


.(SU 


Ays'll} 


f./ni  a) 

i ^yreS 


V. 


<-  i z./. 

ChA/ltxl\  ttuPiL  to-'  ibA 


'yyJc  (*.^4  uc(c(l  ^ c(ir 
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SECURITY  CLASSIFICATION  (THIS  PAGE)  

LOG  NUMBER L SYSTEM  SERIAL  NUMBER 

EQUIPMENT  LOG  FOR MM.  T /-  Jo  ^ 5 £jjW_ 

(Subsystem,  Major  Unit,  Etc.) 

EQUIPMENT  SERIAL  NUMBER(S)  


DESCRIBE  OR  REFERENCE 

OPERATING,  MAINTENANCE  TEST  AND  OTHER  PERTINENT  INFORMATION 

DATE  AND  SIGN  EACH  ENTRY 
(1) 

(A-1.  5 T<<M 

<Lsj p*  oft  (J A u £ 


/UidXyfs  3 oo'ft  . 

U V d 


a. 


~ = yV5  £ i --  v. 


r * if  <)  /i iA/o  2os~  tt~  u> 

V 3'  s A / 3C-  ~ - $o 


/ 


- a^L 


P-ji  - 


r; 


ynsutJ 
to.i  x 
fS~¥  * 


*3t~  1 

3^4-  /o. 


p>,fTc<^  1 1 

bes  T 

<f  insi./cfc  J 

u f 

fr 

s* 71/ 

l£0 

HH.  } 

¥C<C 

/ 0,1 

D.Jt 

z <rv 

9.0 

ojy 

zro 

¥/,  7 

7f,2- 

£z 

0.  f? 

3 oz? 

3?. 5^ 

lC>& 

63 

0,1 7 

3 TO 

3^ 

7f.l 

X7 

03 1 

9 

/o 

U 

33.  > 7//  d + 


fiU*0L~jp 


a 

nl 


= ' 
- / 


2/d?  Jf/oSC,  XiD^-  fl 

£■  - 

- ir7lzir{.L-2Ar 
L - 0 -(>  l /*k 


TIME 

AND 

HOURS  OF 
OPERATION 
(2) 


TYPE  OF  | CUMULATIVE 

OPERATION  OPERATING  TIME 

(3) 1 U) 


~*UlmA3) 


^ ' I °yN  STANDBY 


ON 


s7r 


? ; , i 2-  7AV 


1 1 


9i 


d?< 


Xt= 

CJ  ^ (f/rfc)  +Z. 

~ - Z/S  Xt^c  + 2- 
'39  Xo  ~ 9°r  \ 
?rfL  !-ib$  ; j 

/ ^ I 


I 
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SECURITY  CLASSIFICATION  (THIS  PAGE)  

LOG  NUMBER L SYSTEM  SERIAL  NUMBER 

EQUIPMENT  LOG  FOR  A ULLLIz  7~£' L<J  **  fc.  UlkJlX- 

(Subsystem,  Major  Unit,  Etc.) 

EQUIPMENT  SERIAL  NUMBER(S) 
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SECURITY  CLASSIFICATION  (THIS  PAGE) 


LOG  NUMBER 


/ 


SYSTEM  SERIAL  NUMBER 


EQUIPMENT  LOG  FOR 


(Subsystem,  Major  Unit,  Etc.) 


EQUIPMENT  SERIAL  NUMBER(S) 


DESCRIBE  OR  REFERENCE 

OP  CRATING,  MAINTENANCE  TEST  AND  OTHER  PERTINENT  INFORMATION 

DATE  AND  SIGN  EACH  ENTRY 
(I) 


\bJ< <Jx  To 

fa  ot/tC 

L St  ^ 

R; 


• OK 


R. 

t: 


A* 

1 


JZ 

n 

fa  Hz 
. Sb 


*• 

tyro' 

/ 

3 

3o~o/ 

Ac  J- 
3 2 

•TG 

5'V 

111 

o.6<r 

1,1 

0.0/ 

ho 

hi 

? 

V 

7/ 

os 

n.-r 

2.IS 

hoi 

0,!g 

ap 

3.3" 

n 

1? 

2?S 

1,6 

l,Q  7 

O.'TL 

0'?? 

/0 

TIME 

AND 

HOURS  OF 
OPERATION 
(2) 


I 


TYPE  or 
OPERATION  I 


CEKAJ, 

wmr~ 


CUMULATIVE 
OPERATING  TIME 


✓ 

\£*r 

I no 

J-i 
1 2.r 

2.  I 

Vo,l 


ON 

y 


I 

I 
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LOG  NUMBER 


SYSTEM  SERIAL  NUMBER 


EQUIPMENT  LOG  FOR 


(Subaystem,  Major  Unit,  Etc.) 


EQUIPMENT  SERIAL  NUMBER(S) 


DESCRIBE  OR  REFERENCE 

OPERATING.  MAINTENANCE  TEST  AND  OTHER  PERTINENT  INFORMATION 

DATE  AND  SIGN  EACH  ENTRY 
(1) 


f * * - - -Tp  **  - 

TIME  TYPE  OF 

AND 

HOURS  OF 
OPERATION 
<£) 


/ 


i10iU2~  pAPAfl'J  /y  fat/ Src^M  , //iff 7 cfi  pec/fz 
dbpMCk?  | ) \ 

\ \ ; 

fBuny  fco'pcf/p  TO  HTipaVz  /?  &p  71^/66/4 

/.(  J'c'7*6lt  fcC  /if  i ijo/CvufV7  jhf  A CPH/f  \s  Tfrf  ' 9/ <.  4-  ^p/Mc 
foufl't  fooft  St*  s/7/ wry  ass  cot/pp  v<jt  //ali  P*ir  /w/joc-  J 
Will.  . (CMJ  //0T  f>CTl*MWl-  fcA/WCc  Oh- A //Off  C^P.  j | 


fiL’Vo/iS  \0J  ’ A/ 0 Ail 


TTpm 


TION 


CUMULATIVE 
OPERATING  TIME 


°r 


1 


fi/ipi 


/, 


IMtsi'Uy  61^ AtoAfl  /}<sr  c oulp  // or  jpsfrru  ft/  ic>pw£ 


uji/hi 


ITlfatvTi  AfrP  Suv  j)vc  Tu  HlSH  WW7S>  . 


, P^/VIOOS  /IffAloPLUfpT 


I » | * 

2.  MfAfiPiv  i/vp^T  ipfj/VAvCr  of  S^rAtoPn  j uithoot"  Top  iuAM<Ap 

fit  frur  • A-r  10  frvz 

X =fooo- //oo  #0  £*  //■?+ 

£ 

OF- P.  V/  Lie  tu  2 -o.  A r loftHi  /u,  /9u 


A /OfL’.  SO/H  Vcv  Atop/t  Pt 

ioiftcr  BP n)6£  !a'  fPlfop  , 


tv  A/t'AP  /p-ft-\  A/OW.x 
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LOG  NUMBER. 


SYSTEM  SERIAL  NUMBER 


EQUIPMENT  LOG  FOR 


(8ohiy*t«m,  Major  Unit,  Ete.) 


EQUIPMENT  SERIAL  NUMBER(S) 


DESCRIBE  Oil  REFERENCE 

OPERATING,  MAINTENANCE  TEST  ANO  OTHER  FERTINENT  INFORMATION 

DATE  AND  SIGN  EACH  ENTRY 
(1) 


PkXfofiktV  &tzKCH  AU/Vo/et^i*T 


l/i/NT  TO 
8p! 

ptpi  pa r 

C 

5v*i  y't\ nirtw 

V 
* 

V 
\f 

V 


*■» 


(/  </r 


iOt  002.  Q 


ID  0 01.  C 

/vt  00/s 
fo  00  0 0 
j 0t  oo  2.  £> 
jo '001.  £ 
It),  003 


V 


10,00} 

1 0 OO  ] 

* < 

IUf  QOO> 


/o  _n  (/y£8uO  (ZtiinA 

BtiC  pihUod  I*/ 

s' o.o  v v Ai 

/ropf/UK*  (&p 

300 ' ft d/>t  l b /TMo t r 
Tip  u APIA 3 cfi/ 

AaTAt,  Tm!LPT> 

i uf 

Hvu  AioOki  without 
TiC  L-OriwC  u*/  AftP/H  K+fC 


TIMS 
AND  1 
HOURS  OF 
OPERATION  1 * 

<a>  | 


■ wr 

OPEJ^TION 
I imStf  ON 


CUMULATIVE 

I TIME 


an 


•TAN  DRY 


/£. 


•hht 


&<P/hu 


P)2*U£rfiiCfi/r 


Z OTHUZ.  Poo'  tocDii}  At/<P  oicj?  < X*  j^0o>  ' 

i n-- 

Cif1  Aoila.  oa  PA-fr  j~j2oo  : 

AO  ror  lOrh/SG-  p- 
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LOG  NUMBER 


SYSTEM  SERIAL  NUMBER 


EQUIPMENT  LOG  FOR 


(Subcyrtem,  Major  Unit,  Eta.) 


EQUIPMENT  SERIAL  NUMBER(S) 


DESCRIBE  OR  REFERENCE 

OPERATING,  MAINTENANCE  TEST  AND  OTHER  PERTINENT  INFORMATION 

DATE  AND  SIGN  EACH  ENTRY 
(1) 
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LOG  NUMBER 


SYSTEM  SERIAL  NUMBER 


EQUIPMENT  LOG  FOR  S2KHX 

(Subsystem,  Major  Unit,  Etc.) 

EQUIPMENT  SERIAL  NUMBER(S)  


DESCRIBE  OR  REFERENCE 

OPERATING,  MAINTENANCE  TEST  ANO  OTHER  PERTINENT  INFORMATION 

DATE  AND  SIGN  EACH  ENTRY 
(1) 
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EQUIPMENT  LOG  FOR  /dJLLZLl  Sjl iAY. 

(Subsystem,  Major  Unit,  Etc,) 

EQUIPMENT  SERIAL  NUMBER(S) 


DESCRIBE  OR  REFERENCE 

OPERATING.  MAINTENANCE  TEET  AND  OTHER  PERTINENT  INFORMATION 

DATE  AND  SIGN  EACH  ENTRY 
(1) 
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LOG  NUMBER L SYSTEM  SERIAL  NUMBER 


EQUIPMENT  LOG 


for  M.  L bZ LJL  - L C J — 


(Subsystem,  Major  Unit,  Etc.) 


EQUIPMENT  SERIAL  NUMBER(S) 


DESCRIBE  OR  REFERENCE 

OPERATING.  MAINTENANCE  TEST  AND  OTHER  PERTINENT  INFORMATION 

DATE  AND  SIGN  EACH  ENTRY 
(1) 
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EQUIPMENT  LOG  FOR  MldJJLbJ^LiK  5 

(Subsystem,  Major  Unit,  Etc.) 

EQUIPMENT  SERIAL  NUMBER(S) 


DESCRIBE  OR  REFERENCE 

OPERATING,  MAINTENANCE  TEST  AND  OTHER  PERTINENT  INFORMATION 

DATE  AND  SIGN  EACH  ENTRY 
(1) 
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(Subsystem,  Major 


7vpy 

or  Unit,  Etc.) 


EQUIPMENT  SERIAL  NUMBER(S) 


DESCRIBE  OR  REFERENCE 

OPERATINO,  MAINTENANCE  TEST  AND  OTHER  PERTINENT  INFORMATION 

DATE  AND  SIGN  EACH  ENTRY 


(1) 
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LOG  NUMBER L SYSTEM  SERIAL  NUMBER 

EQUIPMENT  LOG  FOR  & i 


(8obs7fUm» 


EQUIPMENT  SERIAL  NUMBERS) 


DESCRIBE  Oft  REFERENCE 

OP  ERA  T1  NO.  MAINTENANCE  TEST  AND  OTHEJI  PERTINENT  INFORMATION 

DATS  AND  SION  BACH  ENTRY 

(1) 
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LOG  NUMBER i SYSTEM  SERIAL  NUMBER 

EQUIPMENT  LOG  FOR  JhULk  Liz  JojXXE, 

(Subsystem,  Major  TJnlt,  Etc.) 

EQUIPMENT  SERIAL  NUMBER(S) 


DESCRIBE  OR  REFERENCE 

OPERATING.  MAINTENANCE  TEST  AND  OTHER  PERTINENT  INFORMATION 

DATE  AND  SIGN  EACH  ENTRY 
(1) 
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LOG  NUMBER L SYSTEM  SERIAL  NUMBER 


EQUIPMENT  LOG  FOR  !!dtlAJlLL  T°  22^1  HX 

(Subsystem,  Major  Ufcit, 


Etc.) 


EQUIPMENT  SERIAL  NUMBER(S) 


DESCRIBE  OR  REFERENCE 

OPERATING.  MAINTBNANCB  TEST  AND  OTHBR  PERTINENT  INFORMATION 

DATE  AND  SIGN  EACH  ENTRY 
(1) 
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S’iM 


L 


TVc’  / *c/iAcc*^ 
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f —{  ~Z-  4 ° df  a_X  ^ 
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HOUMOP  , ^y?,ON 


CUMULATIVE 
OPERATlNa  TIME 


OPERATION 

(2) 


ON  STANDBY 


W 


I \ 


'/tc//-i'/ 


i s >J~t  J\.  f-tp  CiL  / 5">  5 

• 07|>_  1 

pJtfT 


h.Jxofitf 


3 /*-  ! 


c/ 


StO-3^, 

f ' /ft  , 


■oev/A 


icl 


(~jip  9-XJir. 

, C 7/*  Is'  R-X1  - jfa-  &/\A  . 

5 (s\r\£  /*£  fa+u&el***  j 


f-at^  ?vf^\  ^i^XAL 

Well-  T6.t**A  K. 


I 
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LOG  NUMBER i SYSTEM  SERIAL  NUMBER 


EQUIPMENT  LOG  FOR  H HLUl  T~o  

(Subsystem,  Major  Unit,  Etc.) 

EQUIPMENT  SERIAL  NUMBER(S) 


DESCRIBE  OR  REFERENCE 

OPERATING,  MAINTENANCE  TEST  AND  OTHER  PERTINENT  INFORMATION 

DATE  AND  SIGN  EACH  ENTRY 
(I) 


/ 

a 

3<< 

r 

& 

7 

g 

7 

/u 

i 


2o 
2 tO 
7 J ' 

**/ 
r<fg 
7 c^t> 


ft  dc)  ^ Oc/^UL 

Uj 

S 

& 

t? 

A7 

U> 


j 


TIME 
AND 

HOURS  OF 
OPERATION 
C2) 

4 -r  — -•  « 


d/- 


‘tg.i+'Uz  ?<v3 


m.i" 
H~> , 7 

*4%  2. 

y?.  ? 
«?.  / 
n</ 

Kf-  2 
Wf.  Z 


i 


(? 

, zc1 

12- 

, 

9 / , 

y ej, 

Locn  t/* 

Vis 

t -/  vi 

r j=^4A 

t 

2oG 

iZ.6- 

H6 

*2, 

0.0°! 

<■3.2. 

<rs'.  z 

3cc 

zV 

<V3 

r 

Zlu 

r/.i’ 

?3.<f 

& 

•ZC? 

<*3.f 

7 

20? 

rx/ 

y<:/ 

%4l 

r/<  7 

yj7 

f-79 

VT 

(0 

20/ 

n.^ 

1 

ZO(y 

s'i<^ 

?rTo 

1 -- 


^ Hi  /(T*  »/ 

4 


t ✓ 

tj.* 

<n.o 

M?.r 

6U' 

6Z.o 

rt,t 


Pa, 

fton  ^ 

r.y 

6.X 

7^ 

<U  X 

<W 


TYPE  OF 
OPERATION 

C3) 

CUMULATIVE 
OPERATING  TIME 
(4) 

STANDBY  , ON 

STANDBY  | ON 

| ! 

lZ-25-ob 

fotOs 

\ 

; « 2 , 

O \ 

%.  r 

7 

) c • 7 

n x 

1o,  I 

?/,  </ 
?d,  L 

Sd.  u 


Ip -s' 
P,  i- 

v«; 

7,^ 
?.6 
3(?.£ 


2,1 

Xls^ 

aIt 

v 

Af 

2-0 


£ y-V  i *-  tfjb 


sf-  3 
:/ 
-f.v 
rs:j 
r/,5^ 
7.  2. 
Y7  7 
5]jC7 

ff.C 

u 


ir 

49 


© 9 9 3 /47-^r  I 

OSf 

I v ^VolT^p 

t/fnv 

Wif\  I 


*44 

‘/'Ai 

yor 

fi’-x 

<FA? 


V\6 
K, 


t*/>  pi  /y*i  $ tv.  4c/«f  s Auqjtl c d\J.  >^r».  /UtZ^c/i  Ltf  (33  k. 
evriAH?  iu=. 

F,ci'T.0l-t'a^7  7.clM'  r 2<in*<\/ 
R/U  --11,7,  fu 


Irzy 

2. 

^5  2. 

m 

^UL 

tf-v 


tZ^c ]f 


li-6  1 

/2.  3 ! 

y.ri 

/d,3 
/3.  / | 
tz.  x 

/0'r  , 
/-=>.  3 , 
/rf-3 

/5.^j 


.5/^^ 
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LOG  NUMBER 


I 


SYSTEM  SERIAL  NUMBER 


EQUIPMENT  LOG  FOR tmlL  To**.*.  2ni^X. 


(Subsystem,  Major  Unit,  Etc.) 


EQUIPMENT  SERIAL  NUMBER(S) 


DESCRIBE  OR  REFERENCE 

OPERATING.  MAINTENANCE  TEST  AND  OTHER  PERTINENT  INFORMATION 

DATE  AND  SIGN  EACH  ENTRY 
(1) 


C*  t /.vis" 


\*j 

/C4 


***** 


rvsM*^s** 
($  - 4.* 


V*  i*  <■  ✓ 


™JJ  ' TYPE  OP 
NofiS?OP  OP^TION  I 

STAMDBY  ON 


OPERATION 

(2) 


1 


CUMULATIVE 
OPERA^mQ  TIME 


c.  t > r > i- 

i 

I 


STANDBY  , ON 

L 


1 2 


-A 


1 * ***<  4/  *-  ^ ^ 


£'*'4"L^ 

fti.r+vt.  -\i3fr-ii/ 

fcjl  ' *£  J-u 


y 


H-  <f)/ to- 
(€  ?c?6  ' ^^4 

0 1 ^A-*  y 0 • ^ <*'  J 

(§i9  9/«/7/  * 

J ^ ^ ^ ^ Cc  A^I  ^ 

C /l  ' O • 5T"  6 ^ 

<§>  tfOMfa 

-2^a  ^#3*  *J~>  4*Ck  A**  I;£ 

P-Ji  * o.rsrjx_ 

<?  i yo  '4/6*  i"  - 7-£*«,  i/  ' i $ 

* 0/73  _/£_  CT7  fg* 

& O'  ^MZ/fTL  • f'''7S~r  7 s <=-  - ^7  2 V //  * -7  $>  =:<£•  */ 

fL  = o.rfjx. 

7 ^ n+y.  /U c co  ■fCjL'  ^rZfy^  /gJ 
@ 1 5 J 5 )>st*u/  *C  ”?</  yl+'GAsitf  5 

(S-  ^ .*1  /ti  fjfe.  Z' 2.  C~Xf  'JuU  ~ /j 

£7-  oft-  ^.7^  A_ 

fiu/stxp  f~f<irJ~  f 4*0^  / ^ 


•Zr.s+‘/9f7tf 3^ 

; 1 J 

'fS/  f cA^U^y}  sV^Xi^l  yi)  s-t*  jyigHStltfS 

7 z^./:  W S373fi^-^  7f37c/-r  &J~u/ 

ItiJutry  J*'*  f~  <Y~c^/1y~Jf  CO  fu.  3 -<L  £0 /S'?  /^-f^ 

£'-zzm -=  = b.<J  mi/ 

„ _ ry 

(J  /i  •>  gff*  T-  3.)';  /UUtJls^’)  £ ' If' 

Si,  2-W 


tf  • 42.x  ^t=  fl.  If  J/-. 


! . , 


<7  i 


U*q/ 
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LOG  NUMBER . 


/ 


SYSTEM  SERIAL  NUMBER 


EQUIPMENT  LOG  FOR  _ y 


MsA  kwjh  A~tuc  ( ‘ 


k_ 


(subsystem,  Major  Unit,  Etc.) 


EQUIPMENT  SERIAL  NUMBER(S) 


DESCRIBE  OR  REFERENCE 

OPERATING.  MAINTENANCE  TEST  AND  OTHER  PERTINENT  INFORMATION 

DATE  AND  SIGN  EACH  ENTRY 
(1) 

I -2-7 S’  OPkZAVotJ  AT  4&/M2 

/S/uuhJ  LIS  U /led  ^ JXtLlis I (ci  { 

O'fl  /.  fu,  . . / . . / i 


CUMULATIVE 
OPERATING  TIME 


^ r ^ [ 

I type  of 

OPERATION 

HOURS  OF  (3) 

OPERATION  I -iTiMnnv  ' 

(2)  iTAEOBr  ON  STANDBY 

^ i ■ \ “r*** 

mofr/SM  * j 

J OShJ^j/sj(,\  h u<  (/ 

/l.  , \A,  i /a-,,.  a -A  A-  . A 


VUitfu  b *l->  j%  [l<rd-  CvTv  C/'VvOv  t’’  /i^cCuifcAi  . j j)Lc{  yUfiv'A^  ^ U.4  ( 

(xkhTx.  £ /‘tv»~  d-t- (l  • /AltlivvM  <(  [x  ^ QloVu^,I  k tXa^Airrh^A 

Cl^ crvu><(  Au-tf  erff-fxK  - J,  ' [ 2.  Si nVl  [ L^j>  ^ ,0\$  A , , i 

6 3 /K\/ 


yvj’Yil  piL  Jo1)  'V  IV  , fit  (A  fj  f 6;  "V  ,-il 

+ i 9 Oil  J\  jO±S  . 7/'o /7  L'yL  | y^tiUy  @A  - ^ 

lACs  1 1 be ^ Af~  /lt^h\/irdj-  CtlytX'' *- 


l~i-vs 


vi*  A^r  <jf&>  A-<? 


0?/r  i^aev  \/ 


/ i | 

Rt'fr-iAx.  C^jd'^ih  cl>c[  j^x,'  21&J ) 

ittVU).  ^ fKoy^k\  /c-yj  Afl  Ildfcl  oj  uJb  Ay)  I /^5  <i(r  v'l 

fi-£uc(  V ; ~ 2 S»-V  -t  2o fo  >2f>-v  i ! i 

I:  3 -L  : . 0*ft  A I j i 

63 

U 2o5  fuA  £cw  = 'tOdA-tU  Ua  * /^.Smv' 

j 

3 f t b 


2oio 


k/\,~  2,ciLf  _su 

Ra\^ 


tJA 


j^yOu 
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EQUIPMENT  LOG  FOR 


(Subsystem,  Major  Unit,  Etc.) 


EQUIPMENT  SERIAL  NUMBER(S) 


DESCRIBE  OR  REFERENCE 

OPERATING,  MAINTENANCE  TEST  AND  OTHER  PERTINENT  INFORMATION 

DATE  AND  SIGN  EACH  ENTRY 
_ (1) 

/' Of$AT(oN  AT  W00 /hty 

&.15  ( l mid  MO  TOP  LOSptOS  ,J-'0> 

1 


10  TOP  LuAptPS  X > IX** 


TIME 
AND 
HOURS  OF 


TYPE  OF 
OPERATION 

JlL 


FTE.se  * 


CUMULATIVE 
OPERATING  TIME 


sc 


OPERATION  SCTOft  — L 

(2)  ‘ IFA^r*Y  °J*  STANDBY  ON 


i-.rjs-tac  rr  4 

v/ 


AJJa\  4c<^l  ^ F 


H tcp  uAptti  t,i  r*./ 

‘/An 

/2  nT  WAfictu  l*P6e  Sk/'Tas  la  Saw 


TT„  t Jc  --  4,ot 

e*  ; k c c.ji 

mi* 

F [ . Mn  - £7? 

/M  ! 


l-l-'Ji  OPlOa  Troy  At  9.V0O  Th/^y 

Pit  ft  fWr  M tie 

Y y7  /for  A id  ntLoAP'As 


jl  /jc  T /2  ft,  P loA  PcP 


H'H  Main 


_4  ? TT 

T-&J? 

X ~ IX 

zCjma)  *&> 

T -'PrAV>i 
T-.(.on) 


/v  | 
pecH£u<tO  caut RpA-fioH  of  F/tcP  i/tjeMrm  /w Tt'k  (J VF  ft  2U*tf ) 


API)  fOVPl)  pETPWP  jn6H  s Y 

/3y  Sews  6 iMpuostr  pmwpTop  tv 


(OAHHfr.  TFIS  PlS&m  T^pT  ,All  PPidP  gitASt^Cs  /}/?t 


/Jd  w vov/eri  ST  $g3,sPS)-=  t 1.5  Atp 

gV  7 PS  o S 5.  is.  Thus  Thc  pata 

To  7?M/r  pc*/  pfi  'j  * 


^ i 


O.lS  po  Top  t-OC/s  I,  HI*. 

c. tO  1 1 top  Lorn  3.oz~ 


P po  nP  io>Au r 
X /l  TOP  L(/*-t>\  -- 


Er  Tl-S  £iif 


TIT 


, k‘r, 

v \ 1q/hk  fivy 


. 3,7 


po.odJL  » HhM  P a 

"F  ; l 

p ' si 2i-\  4 - //2-t. 

^ • ] 

% tX'  20 Fell  /,xr^. 

-^^5^7  i 


CoPptcX  /fcpw  /^/^> 

o B ! 7Z.  5 M /7- 


PaA'P  w Paftfri/Cc  coupon? 

TAKB.H  w(  ATP  tj7  frtkOBATti 


- ,5S^ 

. (>  l-'i 


• I 
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LOG  NUMBER 


/ 


SYSTEM  SERIAL  NUMBER 


EQUIPMENT  LOG  FOR 


(Subsystem,  Major  Unit,  Etc,) 


EQUIPMENT  SERIAL  NUMBER(S) 


DESCRIBE  OR  REFERENCE 

OPERATING.  MAINTENANCE  TEST  AND  OTHER  PERTINENT  INFORMATION 

DATE  AND  SIGN  EACH  ENTRY 
( 1 ) 


time  type  of 

HOUR**  OF  I 

ORIRAT.ON  QN 

( - *.  - 4 ' 


CUMULATIVE 
OPERATING  TIME 

i£i 


STANDBY 


</3o  -/I'io  y 

/3-JO  -A7il)  1/ 

A F&(J  tsy  /fhc\bi  icy  oj  7 

(J'  ;ij  tvy>  huj 

c 

(F  rep  4ns4 


!>  2 4./ 

£ur  ' ^dJA 

\ih  2 K 

./Ya^  T< 

/.  JW 

2(4,7 ' 20 l y 

tr„,  •■  and 

c/'2f< o' 

. rs/^oef 

1 

ti'lTO1 

nr  - 

/,S*f 

ft J 

£/i  )l 

nP  Lc*i>  ~ 

W2. 1 

i 

1 tsxpAtrkL 

mV 


CW 


/-/Y'7i"  Df&tA-JlOH  4 7 (fjloo  KHz 


/-?;3  O-Zipo  S 


1 

[PdLu, y Vt/lt  b-t—J-  *-J  hdJ  t/c-  / Ly-^  ^ (7  c.  ) /Xc  MO  p-4  [Aj^_  ^ 7,  [ Vi4  l 

I'KlvAW'Jci  y idF.  /ha  / !°  CtdAlL  -2-ty  t/p  JIctmUaS). 

At  w ^ ; ; ; 

tu//u^L  F&idi't-1)  2.'>P\V  s jOHC  Ayj/ut 

r<jj  3¥;f  dJL  rfi.ftaiL'  *0/  > //aiz 

('Ll  lUZTv  ' 7c  p^~  1 


C/tchr^ 


2.n^ 


V y 10x7."  v-  m 

JA^L'ilc^K  cj  j\  ljLjll'7  y d.i  I -pdF  /3  F&  Cu.IA>}-L-  Jj.  Av~dt(  tjj/c  LC^lL  Ly-t^j  ' 

PipVliyshFl  (d'^CJL  aW  Cel  L Wtf’X  2-iY'lV 
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LOG  NUMBER 


SYSTEM  SERIAL  NUMBER 


EQUIPMENT  LOG  FOR 


no/  j 


(Sobsyittm,  Major  Unit,  Etc.) 


EQUIPMENT  SERIAL  NUMBER(S) 


er  *a  • -»* 


DESCRIBE  OB  REFERENCE 

OPERATING,  MAINTENANCE  TEST  AND  OTHER  PERTINENT  INFORMATION 

DATE  AND  SIGN  EACH  ENTRY 

fll 


P&  CoJty'fcu, ( fa  byr 

llO^i  JUMi  J<nuL 


Pop 

II 


■ n 

I 

*"  *T 
I 

! 


TIME 
AMO 
HOUR*  or 


(«> 


TYPE  OF 


r,w™  IfWffi ftii 

' [Tn?  . 

U 1 ^ r r *_•  TL.  i 


CUMULATIVE 
OPERA^mO  TIME 


/fal* 

— — 

i 


/*  f.f»? 

GyWtft'md 


X- 

■“MA 


mr  sot  at  P/sva^\^ 

aVurto 


i , 

I J{V  AlT0*L  C*6Lb 

I i : 


LJULl 


VTVH 

HP  mOB  Z Vgcaifa 
Si(U  OJiWz 


&MUWTWtr 

Mofitrl  it  I 
U0AC 


<*U  iW 


I * 2JSv c0 .0V5 JO  Afhjsr^ 

^ % d-4. 

I /{jP-fay.  (lend 

(Lbo  up  , mm  <n  t-iJL 

Z.io 


7.  H />-]/ 

P-.  10  A/  *vs6^ 


Hi'Odl  ' 

f/o  co.f\  {y  1*4  UuL 


I / d~-  Cl  (Zvoy^  t(  6^  "7t n-  bchnt-TJtuM1*-  - ^ A*n^~  !>  | CuJ^ 

^ /ijGciet^  <r>  cta-fo.  OTh  //^ 

/ /?  A>/1  fciL  by  O’  /faltr**  frJU'J'xsJ li  W.MO  oJ&-  !:  AL2lV]  ^ \o°Al  i .CkGiV 

foj[  Jbvy'oy  W-rt  ic\d  A j A 1 ^ 

I _ 

iv.’tf  5 0£  nje^k~  M K=/.«(«-l/p  ^7.2  . 
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LOG  NUMBER 

EQUIPMENT  LOG  FOR 


fiU'iTt  TOWL'Z  f7<//  y 


(Subsystem,  Major  Unit,  Etc.) 


EQUIPMENT  SERIAL  NUMBER(S) 


DESCRIBE  OR  REFERENCE 

OPERATING.  MAINTENANCE  TEST  AND  OTHER  PERTINENT  INFORMATION 

DATE  AND  SIGN  EACH  ENTRY 

JLD 


TIME 
AND 
HOURS  OF 


TYPE  OF 
OPERATION 


J3L 


CUMULATIVE 
OPERATING  TIME 

L £> 


~SiTi  t r STANDBY  ^ 

1/2/1  rr  l i <°i=  f ' fft, . U , « £(jU 

lO-lOfiyV  Ttpp  2>7°  - jcc  !c  / /<? 

/faUiLvxt.  ‘7'//  6-n  h^a  , t*  fop  L-ijLAs^ 

n2u'(.^pi  A//uM  cl/  fo(  hr  a*  Joifoi  A<  6.') , 

t\.M  (tuAp\H&% 


X 

\ T.T01L 

//KuT^ 

A 

X; 

A 

X\‘ ' 

yp 

Xv- V/? 

f 

q * 

Toco 

3000 

0 

-jLlll 

}jv 

iO 

7 coo 

info 

0 

-j/giS 

j 28 

II 

70oO 

JJCO 

IQ 

i * 

4ooo 

JD5C 

o 

-jU,  7 

L 227 

lo 

n 

LfOOu 

C/Ooo 

2/ 10 
2 m 

u 

0 

f ni 

pp  Ci'Apt/ios 

1 

SOOo 

3100 

0 

-jzia  1 

\ H 1 l 

10 

TO  00 

hod 

0 

1 31  \ai 

f To.u 

11 

Toed 

t 

UTO 

0 

vso  1 

I ) 

B(sr 

((JfiStSf, i>r 

pk-rfl 

IS  . MPo/orhiS- 

//vu  at  fooo^,  u (7k  rtert 


1 ) 

1 

• ♦ 


Xc  * X ~y(  t to  (*>.>)  +l*°  , 2^2, 7 

a}  — ui — 


VL  = (vt-  -yc  ? -ho  i29 ir  X r 

I 

cni--0.iPf  'l  A 


TOP  L0(rDt<l\  LOOif  CoC  Jl  Vt'MD 
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LOG  NUMBER 


/ 


SYSTEM  SERIAL  NUMBER 


EQUIPMENT  LOG  FOR 


M U LT>  TlWit.  $70/  Y 


(Subsystem,  Major  Unit,  Etc.) 


EQUIPMENT  SERIAL  NUMBER(S) 


DESCRIBE  OR  REFERENCE 

OPERATING.  MAINTENANCE  TEST  AND  OTHER  PERTINENT  INFORMATION 

DATE  AND  SIGN  EACH  ENTRY 
(1) 


TIME 

AND 


HOURS  OF  ~ T3) 

“tTAkDbt 


OPERATION 


TYPE  OF 
OPERATION 


CUMULATIVE 

71 NG 
4) 


OPERATING  TIME 


(2)  •iiOTvai  ON  STANDBY 


3/?//7  4 Cc7  i 'W  t( 

F / ^ S'  2 h(f'  $ tulfM  $ /'  fay*. 

(L  ^<f  (jc  ''hkr  C'tJ  AamL*iJl 

Pm  , 

s f vvuvtn l y £.  _vy 

<j  $occ  ^ico  2,1  -j'W 

IQ  $000  HiOO  JJ  fa  ^.2 

II  $ Coo  v $100  2.0  rjlr.i 


Cu 


C ’ 60,  lf  f 

I L * 3,Slyt 


tj-l-lS  Wlu  tlsT-  ckiQi  t- cIckiU  SCK  SV  F lVfA/Qf  C/P-OM 

(Ofl/JlA/CtV  Ju«  T f£p  I ft  fewer  MWiuRL  rtiWTS' 

/ n A 

»y  7 $coo  moo  i,i  -jttti 

/C  {000  If  600  2.V  ^il0o 

iP.b  fiM)  Of  geo  3.6  -j\\ 

ft*  m jor  cooo  Seed  #i§  0 

fas'll d 1 /\y~v  i $ /t»McX'  ( /V  t ) 


m 


<? 

5000 

WOO 

'J  l0°  j 

to 

$00  0 

if  yro 

2,6 

-J#' 

j U? 

It),  rof 

7000 

^oO 

IS 

Ji  11,0^ 

tooo 

$eoo 

11 

0 

jTvfaAti'i  ij 

I’^yyF 

Ct  Q 

5000 

HUO 

2,1 

->w 

10, V 

SO&o 

Hb20 

2.4 

r. 

iM 

$00O 

$000 

it 

II. 0 

jffloo 

$100 

2.0 

( llQ  c hMk  to-  /fcjl€</  fa  iltyL  -■$ 0 -X 7 

1 c*  w,/  , (jr7l^r  * 
, l - 


^ oOXuiy.  'fyts'p 


VcQlt  <iS -gigs  OU<(f 

111  Si,  J | 

; • 


4:2 


SECURITY  CLASSIFICATION  (THIS  PAGE) 


LOG  NUMBER . 


/ 


SYSTEM  SERIAL  NUMBER 


EQUIPMENT  LOG  FOR 


kVI'TlfLC  T0^£fZ  S7VM 


(Subsystem,  Major  Unit,  Etc.) 


EQUIPMENT  SERIAL  NUMBER(S) 


/ i 


DESCRIBE  OR  REFERENCE 

OPERATING,  MAINTENANCE  TEST  AND  OTHER  PERTINENT  INFORMATION 

DATE  AND  SIGN  EACH  ENTRY 


il'bc  C n*. 

far*  ^ 

V/  bkfr* 


"+ 


TIME 

AND 

HOURS  OF 
OPERATION 
(2) 


TYRE  OF 
OPERATION  j 

kTASDflr  5n“* 


CUMULATIVE 
OPERATING  TIME 

l*L. 


STANDBY 


I 

Eli 

y 

V 

£ooo 

y3tf0 

.1 

/o 

SOOo 

. MO  So 

10 

II 

fooo 

‘ilM 
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Figure  1.  Present  Single-Tower  Antenna,  Elevation  View 
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Figure  2.  400-foot,  4-Tower  Antenna  Array 
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Figure  3.  Model  Antenna  Construction 


Figure  4.  Photograph  of  4- Tower  Array  Model 


Figure  5.  Photograph  of  a Model  Tower  (Close-Up) 


Figure  6.  Photograph  of  Insulator  Bushing 


Figure  7.  Photograph  of  Radials 
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Figure  9.  Photograph  of  Instrumentation  Table 
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Figure  10.  Photograph  of  Instrumentation  Table  Interior  (Sides  Removed) 


GROUND  PLANE  TABLE 


Figure  11.  Impedance  Measurements  Test  Equipment  Set-Up 
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Figure  12.  Field  Intensity  Measurements  Test  Equipment  Set-Up 
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Figure  23.  Field  Intensity  Pattern,  Single  4-ft  Tower,  Configuration  3 


1 70° 

1*0* 


*60° 

1*0® 


l 90° 
170® 


200° 

1*0® 


2 tOH 
1 50* 


70® 

2*Q3 


80® 

250* 


90° 

270* 


lOO® 

260* 


1 10® 

250® 


320* 

40* 


310® 

50* 


300® 

60® 


240® 

1 to* 


230® 

130® 


2*0* 

70® 


270*  p 

*0U  E 


260® 

too* 


230® 

1 to® 


30° 

330° 


20° 

340° 


10° 

380° 


350° 

10° 


330° 


1 50* 
210® 


160° 

200° 


170° 

180° 


180° 
1 60® 


1 90° 
1 70° 


200° 

180° 


210° 
1 50° 


40* 


50° 

310° 


60* 

3^0° 


70° 


1 20* 

140® 


320® 

40° 


00® 

280* 


too® 

260° 


1 I 

280® 


Figure  24.  Field  Intensity  Pattern, 
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Single  4-ft  Tower,  Configuration  10 
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Figure  25,  Field  Intensity  Pattern,  Two-Tower  Array,  Configuration  13 
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Figure  26.  Field  Intensity  Pattern,  Two-Tower  Array,  Configuration  14 
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Figure  27.  Field  Intensity  Pattern,  Two-Tower  Array,  Configuration  15 
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i’igure  28.  Field  Intensity  Pattern,  Four-Tower  Array,  Configuration  21 
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Field  Intensity  Pattern,  Four-Tower  Array,  Configuration  22 
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Figure  30.  Field  Intensity  Pattern,  Four-Tower  Array,  Configuration  23 
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Figure  31.  Field  Intensity  Pattern,  Four-Tower  Array,  Configuration  29 
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Figure  32. 

1 80° 
*10° 


1 60° 
200° 


1 *70° 
1 90° 


180° 

180° 


1 90° 
170° 


200° 

160° 


2 10° 
1 50° 


4Dn 

3 20  1 


S0> 

3I0? 


*0" 

300" 


l 20* 

240* 


320* 

40° 


3 10° 
SO" 


300° 

60" 


240° 

1 20 


230° 

130° 


70* 

290'' 


80" 

280* 


W 


1 90* 
a 70* 


1O0fl 

260 


1 1 0° 

a so" 


2 90* 
70^ 


270*  p 

90*  C 


260" 

ioo° 


2 SO* 
i to* 


Field  Intensity  Pattern,  Four-Tower  Array,  (1.5-foot)  Configuration  31 
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Figure  33. 
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Induced  Voltage  and  Current  Measurements,  Three-Tower  Antenna  Array 


Figure  34.  Two-Tower  Array,  Configuration  15,  Top  View 
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Figure  35.  Four-Tower  Array,  Configurations  29  and  32,  Top  View 
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Figure  36.  Antenna  Tuning,  Schematic  Diagram 


Configuration  15,  Top  View  of  Ground  Plane  Configurations  29  and  32,  Top  View  of  Ground  Plane 
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